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FOREWORD 

This  Technical  Documentary  Report  cover*  the  work  performed  during 
Phase  1  of  U.S.  Air  Force  Contract  Bo.  A7  04 (fill) -8177.  This  phase  in¬ 
cluded  the  selection  of  materials  for  tubing  and  tube  fitting*  for  us* 

In  rocket  propulsion  fluid  systems,  the  development  of  Prase  and  weld 
parameters  for  Joining  these  materials,  the  preliminary  design  of  light¬ 
weight  traced  sad  welded  fittings*  and  the  design  and  installation  of 
facilities  for  qualification  testing  of  traced  sad  welded  fittings 
during  the  Phase  ZI  part  of  this  program. 

This  contract  is  sponsored  ty  the  Research  sad  Technology  Division* 
Air  Fores  Systems  Command*  U.S.  Air  Force,  Edwards  Air  Force  Base* Calif¬ 
ornia.  It  is  established  under  Air  Force  program  structure  Bo.  7900* 
AFSC  Project  Bo.  6793*  AFSC  Task  No.  67530k,  with  l/lt  Philip  Olekssyk 
of  the  Pocket  Propulsion  Laboratory*  Liquid  Systems  Division,  Propulsion 
Sub-systems  Branch*  as  the  USAF  Project  Engineer. 

This  program  is  being  conducted  in  the  Research  Laboratory  of  ttaa 
Los  Angeles  Division,  North  American  Aviation,  Xne.*  International  Air¬ 
port,  Los  Angeles  9*  California.  Mr.  0.  A.  Falrtairn*  Group  Leader  of 
the  Metallic  Materials  Laboratory*  is  the  Program  Manager*  and  Mr.  K.  B. 
Weisman,  Metallic  Materials  Laboratory*  Is  the  Project  Engineer  for  the 
Contractor.  Participating  in  the  program  work  and  in  the  preparation  of 
this  report*  In  tilt  areas  noted,  were  the  following  persons:  Messrs.  Dr. 
Georg*  Martin  (Materials),  W.  D.  Fadian  (Welding),  8.  Salaassy  (Erasing), 
T.  Fan  (Structural  Analysis),  0.  Sine  and  J.  West  (Qualification  Teat 
Progran). 


ABSTRACT 

nnrmnflirlmt  an  presented  for  lightweight  tented  and  welded 
fittings  for  use  with  rocket  propulsion  fluid  system.  These 
ncomendations  are  tensed  on  n  literature  surrey  on  the  compatibility  of 
oandldate  eaterials  with  rocket  propellents,  end  on  the  ecnsldentlan  of 
the  effects  of  the  fitting  Joining  processes  on  the  neterlals.  Other 
permeters  that  could  significantly  affect  the  fitting  classification  end 
subsequent  design,  such  as  naterlal  coat  and  availability,  and  tense  alloy 
shear  strength,  have  been  investigated.  Joining  procedures  and 
preliminary  designs  have  been  developed  ter  induction  tensed  and  TIB 
welded  fittings  for  tubing  of  AZSZ  3U7  stainless  steel,  AN  390 
precipitation  stainless  steel,  end  Rene'  Vl  alloy.  Studies  have 

also  been  conducted  on  the  feasibility  of  tensed  end  welded  fittings  for 
use  with  sluninua  tubing.  Procedures  have  been  prepared  and  the  required 
facilities  are  being  installed  for  qualification  testing  of  the  fittings 
nnd  Joining  processes  during  the  Fhaae  XX  pert  of  this  program  The 
fitting*  will  tee  tested  to  rigid  requlremots  under  the  Qualification 
Tests  and  ether  future  efforts  of  this  pragma  sad  the  nsults  will  tee 
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INTRODUCTION 
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The  systems  and  components  of  rooket  propulsion  vehiolee  not 
function  under  aevara  environmental  and  oparational  oonditicos. 

Rocket  propulsion  fluid  systems,  in  particular,  are  subjected  to 
extremes  of  temperature,  pressure,  vibration,  and  the  offsets  of 
radiation  encountered  in  apace.  The  use  of  new  and  emtio  propellants 
and  other  fluids  has  produced  nw  problems  of  ohemiosl  activity  and 
material  compatibility. 

The  conventional  aircraft-type  fitting  designs  currently  being 
used  for  tubing  connections  in  rooket  propulsion  fluid  systcau  have 
proven  inadequate  because  of  problems  of  oorrosion,  leakage,  and 
fatigue  failure,  l.'ew  advanced  tube  Joining  concepts  are  required 
which  will  provide  sere  leakage  and  light  weight  with  high  operational 
reliability. 

Techniques  for  tasking  in-place  tuhii  g  connections  by  bracing  and 
by  veiling  have  been  developed  by  the  Los  Angeles  Division  of  North 
Mexican  Aviation,  2no«,  for  use  on  the  X-~5  end  XB-70  air  vehicles. 
These  techniques  are  considered  to  be  feasible  for  further  development 
for  Joining  tubing  for  advanced  rooket  propulsion  fluid  systns. 

The  purpose  of  this  program  la  to  develop,  design,  fabricate, 
and  qualify  families  ai-li^iMalgtth-hrafisd  and  welded  fitting*  dan 
service  with  rocket  propulsion  fluid  ay  at  me.  This-  prognmrta-  betas 
conducted  in  three  phases  t  Phase  1,  Material  Selection,  Prooaaa 
Development,  and  Preliminary  Design}  Phase  U,  Detail  Deain, 
Fabrication,  and  Qualification  Testing  of  the  Fittings}  ana  Phase  IS, 
Pinal  Design  of  Fittings  and  Joining  Tooling,  Preparation  of  Specdil- 
cations,  and  Reporting. 

Phase  I  consisted  of  a  literature  survey  of  the  compatibility 
of  typical  storable  and  cryogenic  propellants  and  pressurising  gases 
with  the  candidate  tubing  and  fitting  materials  and  with  the  braslng 
alloys  under  consideration.  Fitting  nateriale  and  brassing  alloys 
were  selected.  Brazing  and  welding  process  parameters  for  these 
materials  were  investigated  and  suitable  Joining  procedures  were 
developed.  A  stress  analysis  of  the  proposed  fitting  designs  was 
prepared.  A  detailed  plan  for  the  qualification  testing  of  the 
fittings  during  Phase  II  was  prepared  and  submitted  to  the  USAF 
Project  Officer  for  approval.  The  facilities  required  for  the 
qualification  tests  were  designed  and  fabrication  and  installation 
of  these  facilities  was  initiated. 
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Phase  n  oonsists  of  detail  design  of  the  prototype  joining 
tooling  required  to  fabricate  the  fittings  for  qna.11  fl  cation  teet, 
the  detail  deaigi  of  thesa  fittings,  and  the  perfomanee  of  the 
qaaldfloatlcn  tests. 


Phase  111  of  the  program  oonsists  of  the  final  design  of  the 
fittings  and  production-type  joining  tooling,  and  the  preparation 
of  drawings,  speoifLeations,  and  test  requirements  for  the  fLttlaa 
and  the  joining  tooling  In  suoh  a  manner  that  military  speoitu  amiss 
and  standards  may  be  publlihed.  The  fitting  hardware  selected  ty  the 
Procuring  Agency  will  he  fabricated  and  delivered.  A  Pinal  Report 
severing  the  entire  program,  and  oontalning  a  detailed  atreao  analysis 
sf  tbs  fittings,  will  bo  prepared  sad  euhsitted. 


Tha  Phase  I  part  of  the  propria  has  bean  oooplstad  aid  the  wosk 
oondootad  and  rseslts  obtained  during  this  Phase  are  presented  In  this 
sit. 
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2.  mBBUL  8SJ0EKV 

a.o  qanuL  gcggnntggag 

w«t  Jsrvi6  *luA*  “*■*■*  tuhtog<«dflttli4»  art  ntdM  to 

Tafel*  I,  tad  to  be  ccepatlble  vitb'tte  lyita  fluid*  and  njuratlr— 1 
•nvirnmment.  An  added  requirmmnt  which  must  be  fully  considered  latur 
this  program  la  the  affect*  which  the  true  or  veld  joining  processes 
■ay  have  on  tba  tubing  and  fittlig  notarial*  and  tbalr  ranllael 
suitability  far  usa  in  particular  systems.  tba  primary  factors  vhlah  wt 
ba  eonaldarad  la  notarial  salnatlsn  ara: 

(1)  Chamloal  compatibility  with  tba  ayataai  fluids  list*  la  Mbit  XX. 

(2)  A  high  strength/welght  ratio  at  tba  aanrloa  >aagaimTia 

for  tba  system  as  sham  in  Tsbls  X* 

(3)  Ability  to  ba  aatlsfaatorily  Joined  by  brtnUg  aad/er  Hbn 
prooaaaes  being  developed  under  this  program. 

(k)  genre  1  si  availability  of  tba  natarlal  In  eul table  forma  eat 


Additional  factora  vhlah  are  slao  Important  nvnt  , 

(9)  NaoblnabUlty. 

(6)  Oont* 

(T)  Aoonlarstad  fatigue  damage  ar  ambrlttlamant  due  to  aorvlao 
condition*,  such  as  tuagsrsturs  shook,  vibration,  eta. 

(8)  Sensitivity  to  radiation  ar  apmon  anvlroom ant. 

Tbs  voiding  and  teasing  properties  of  tbs  materials  vlU  bo  discussed 
in  tba  appropriate  sections  later  in  this  report.  Tbs  other  fasten 
Hated  above  will  be  discussed  In  tba  fUHovlng  paragraphs. 

The  mechanical,  physical,  and  ehamlaal  properties  ligortemt  In 
aelaetlng  materials  for  roeket  fluid  systems,  In  many  eases,  vary  as  n 
function  of  tba  operating  temperature  range  of  tba  system.  Tba  loner 
temperature  range  of  tba  service  environment  for  the  systems  considered 
under  this  program  is  -^23  F,  the  temperature  of  liquid  hydrogen,  for 
the  propellant  system,  and  -380  F,  tba  teupermture  of  liquid  nitrogen, 
for  the  pneumatic  ayatess.  Testing  under  this  program  will  be  conducted 
at  temperatures  only  as  low  as  -320  F  for  both  types  of  systems.  Tba 
upper  temperature  limit  for  the  propellant  system  and  one  type  pnirwasttn 
system  are  200  F,  for  the  second  type  pneuaatle  system  600  F,  and  1900  T 
for  the  third  type  pneumatic  system.  The  fitting  classification  service 
environments  and  the  roeket  system  fluids  to  be  considered  under  this 
program  are  presented  in  Tablee  X  and  XX,  respectively. 
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2.1  CHEMICAL  COMPJgIBIXgT 

Ttat  primary  requirement  of  a  material  to  toe  need  for  tubing  or 
fittings  la  rocket  propulsion  fluid  systems  Is  that  It  toe  nhsrnl eallj 
eoevatitole  with  the  fluids  to  toe  contained.  This  ec^mtibility  must  toe 
mutual)  that  is,  the  fluid  must  not  attack  the  system  material  and  cemae 
a  reduction  in  the  material  strength,  nor  mist  the  system  material  itself 
cause  any  change  in  the  composition  of  the  fluid,  either  toy  direct  or 
catalytic  action.  Chemical  attack  toy  the  fluid  on  the  system  material 
generally  implies  a  surface  corrosion  aetlco  which  reduces  the  effeetlsm 
thictoess  of  the  tuhlng  or  fitting  and  thus  reduces  its  strength.  Other 
factors  to  toe  considered  are  stress  corrosion  attack  and  the  formation  of 
loose  corrosion  products  or  of  sludge  which  may  block  passages  or  inter¬ 
fere  with  the  operation  of  mini. 

The  brass  and  veld  processes  for  Joining  tubing  and  fittings  vhleh 
aim  toeing  developed  under  this  program  Introduce  factors  which  cam 
considerably  complicate  the  compatibility  problem,  the  usual 
dissimilarity  which  exists  between  a  toraalng  alloy  and  the  materials  toeing 
Joined  cause  tormaed  Joints  to  have  an  inherent  chemical  lnhomogeaslty, 
the  affect  of  which  must  tom  evaluated.  The  problem  of  materiel 
dissimilarity  in  welded  Joints  can  too  minimised,  toy  proper  selection  of 
the  tubing,  fitting,  and  void  filler  materials.  Sens  ntumlnal  compati¬ 
bility  difficulties  may  still  arias  la  welded  Joints,  however,  due  to 
such  causes  as  differences  in  the  netaUungLoal  structure  or  heat  treat 
condition  of  the  several  Joint  anterials. 

One  of  the  principal  problems  in  assessing  the  oospatibillty  of  the 
system  materials  with  the  fluids  contained  is  the  general  seareity  of 
comprehensive  and  sellable  data.  Complete  information  on  tbe  materials 
and  test  conditions  are  available  in  only  e  few  oases.  Many  compatibility 
data  which  appear  in  the  literature  do  not  specify  the  state  of  hast 
treatment  of  the  test  materiel.  Few,  if  any,  tests  seam  to  have  been 
conducted  on  stressed  materials  exposed  in  tbe  fluids  listed  in  Table  IX 
for  consideration  under  this  pragma. 

A  review  of  the  technical  literature  was  conducted  to  gather 
information  on  the  nhimlcal,  compatibility  and  other  prcpert.  es  of  candi¬ 
date  tubing  and  fitting  materials  with  the  racket  propulsion  system 
fluids  considered  in  this  program.  The  most  valuable  literature  sources 
are  listed  in  the  REFERENCES  section  at  tbe  end  of  this  report  end  are 
also  referred  to  in  specific  areas  below.  Additional  data  were  obtained 
from  testa  which  had  previously  been  conducted  by  the  several  divisions 
of  North  American  Aviation,  Inc.  This  information  on  the  chemical 
compatibility  of  a  number  of  tubing  and  fitting  materials  with  tbe 
propulsion  system  fluids  and  pressurizing  gases  considered  in  this 
program  Is  presented  in  sumaary  form  in  Table  XU.  In  addition  to  this 
information,  the  foilwing  comments  are  relevant  to  the  various  groups 
of  fluids  sad  gases. 
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TABUS  HI.  RECCMMEjnVOTOHB  CONCERT 
CANDIDATE  MATERIALS  WI3 


CABLE  m.  RECCMMEHEATIOHS  CONCERNING  CHEMICAL  CCMPAHBLLITI  OF 
CANDIDATE  MATERIALS  WITH  ROCKET  PROPHJUUtt  KtBDS. 
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Material  suitable  for  unlimited  service  involving  long-term  storage 
of  propellant 4 

Material  suitable  for  storage  of  propellant  under  limited  conditions , 
and  for  short-term  contact  prior  to  storage  of  propellant. 

Material  suitable  only  for  short-term  contact  prior  to  use  of 
propellant. 

Material  not  suitable  for  use  vith  propellant.  _ 


Service  limited  to  160  7  maximum  and  vith  dry  propellant. 

Materials  must  he  suitably  passivated  prior  to  use  vith  propellant. 

50/50  blend  by  velght  of  UIKH  and  RgBi^. 

Use  of  all  metals  is  contingent  on  eultable  stabilisation.  Extended 
service  of  stainless  steels  la  these  propellants  may  result  in  heavy 
deposits  of  fluorides.  Systems  utilising  stainless  steel  should  be 
flushed  after  each  use  at  high  temperature  to  remove  fluoride 
deposits. 

Kay  he  susceptible  to  chemical  attack  by  propellant. 

May  be  susceptible  to  stress  corrosion  by  propellant. 

Service  limited  to  160  7  maximal. 

Attacked  by  dry  fluorine  at  temperatures  above  590  7. 

Suitable  only  for  short-time  use  in  systems  vhere  metals  other  than 
aluminum  alloys  are  also  in  contact  vith  propellant  because  of 
resulting  preferential  chemical  attack  on  aluminum  alloys  by 
propellant. 

Suitable  for  use  vith  dry  propellant  only. 

Service  limited  to  212  7  maximal.  _ _ 
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Hydrazine  gad  Derivatives 


Hydrazine  (N^H.) ,  hydrazine  derivative*  such  as  UEMH  (unujentrteal 
dine thylhydraz Ine;  and  Mffi  (monoewthyl  hydrazine),  snd  mixtures  at  thee* 
fluids  exhibit  only  minor  differences  in  their  compatibility  vltta  well* 
date  tub  Isa  end  fitting  materials.  In  the  dry  state  end  at  1  iieietnree 
below  160  7  these  propellants  are  compatible  with  a  variety  of  rnmbezimlmj 
but  when  moist,  hydrazine  tends  to  attach  the  stainless  steels,  TWi  firearms 
(k),  (5)  mad  («). 

Inconel  is  the  tubing  or  fitting  material  which  Is  smst  compatible 
for  use  with  hydrazine  and  Its  derivatives*  Tantalum,  Rene 'hi,  aids— 
and  some  aluminum  alloys  are  also  satisfactory  for  use  with  hydremias  ami 
hydrazine  derivatives* 

Welding  has  been  found  to  be  a  satisfactory  method  of  Joining  me 
above  materials  for  service  with  hydrazine  and  hydrazine  derivatives.  The 
only  information  available  on  the  compatibility  of  brazed  joints  for  use 
with  hydrazine  and  its  derivatives  la  for  silver  biased  Joints  with 
brazing  alloys  such  as  Easyflow  4;.  The  data  indicate  that  silver  biased 
Joints  are  compatible  for  use  with  hydrazine  and  Its  derivatives* 

»rl"fl  mate  lets*. 

Only  a  few  materials  are  satisfactory  for  use  as  tubing  snd  fittings 
with  the  fuming  nitric  molds.  As  shown  In  Table  III,  these  materials 
Include  tantalum  sad  several  of  the  stainless  steels.  Aluminas  and. 
several  of  the  aluminum  alloys  are  suitable  for  use  with  the  fuming  nitric 
acids  If  the  acid  will  not  also  contact  other  metallic  materials.  Systems 
In  which  other  metals  as  well  as  aluminum  alloys  will  be  la  contact  with 
fuming  nitric  acids  are  suitable  only  for  short  time  use.  In  such  systems 
the  aluminum  and  aluminum  alloy  coeponents  are  subject  to  preferential 
galvanic  attack  by  the  propellant.  See  References  (4)  and  (6). 

Titanium  and  titanium  alloys  should  never  he  used  for  systems  to 
contain  fuming  nitric  adds.  Under  certain  conditions  the  fusing  nitric 
adds  reset  with  titanium  and  titanium  containing  metals  to  form  oonpocods 
which  are  extremely  shock  sensitive.  Violent  reactions  may  then  oeour, 
particularly  when  such  compounds  are  In  contact  with  the  fuming  nitric 
acids,  References  (4)  end  (7). 

Welding  Is  Indicated  to  be  the  preferred  method  of  Joining  materials 
for  service  in  fuming  nitric  acid  systems.  The  compatibility  sad 
corrosion  resistance  of  brazed  Joints  for  fuming  nitric  add  servlet 
could  not  be  established  on  the  basis  of  the  data  available,  although 
noble  metal  brazing  alloys  such  as  gold-palladium  appear  to  be  premising. 
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The  use  of  stainless  steels  for  components  of  fuming  nitric  acid 
systems  which  are  assembled  by  voiding  or  which  a&y  be  exposed  at  times  to 
temperatures  above  700-800  T  involves  certain  probisga*.  Even  with  the 
stainless  Steel  alloys  which  are  listed  in  Table  lit  as  compatible  with 
fuming  nitric  acids,  care  must  be  taken  to  eliminate  the  effeete  of  any 
carbide  precipitation  reactions  which  may  result  or  to  avoid  such  reactions 
entirely.  Such  adverse  reactions  in  stainless  steels  are  generally  avoided 
by  use  of  the  stabilised  A3SZ  321  and  AXBX  3V7  alloy  grades.  Weldments  of 
these  alloys  are, normally  satisfactory  for  use  in  the  as-welded  condition. 
However,  unless  properly  heat  treated  by  solution  annealing  after  welding, 
the  veld  areas  of  even  these  stabilised  stainless  steels  are  susceptible  to 
stress  corrosion  by  the  fuming  nitric  acids.  Adverse  carbide  preolpltation 
effects  may  be  minimized  by  the  use  of  extra-low  carbon  stainless  steels, 
whitt  should  therefore  be  specified  for  service  with  fuming  nitric  acids 
for  parts  which  are  to  be  welded. 

Nitrogen  Tetroxids 

The  compatibility  of  tubing  and  fitting  materials  with  nitrogen 
tetroxide  (lUOh)  la  generally  considered  to  be  similar  to  the  compatibility 
of  the  materials  with  the  fuming  nitrle  acids.  The  specific  recommendations 
•hewn  in  Table  ZZZ  were  prepared  on  the  basis  of  the  survey  of  the  technical 
literature.  In  the  interpretation  of  thee#  reocmmendations  it  should  be 
noted  that  nitrogen  tetroxide,  In  the  preeenee  of  free  water,  will  ionite  in 
such  a  manner  that  it  may  behave  the  same  as  a  fuming  nitrle  sold.  Because 
of  this  possibility  the  literature  reocmaends  that  when  certain  materials, 
such  ae  titanium  and  its  alloys,  are  considered  for  nitrogen  tetroxide 
servlae,  that  tests  be  made  of  the  proposed  application  In  the  configuration 
that  the  materials  will  be  used  sad  under  the  conditions  to  which  they  will 
be  subjected  during  the  anticipated  service  lifetime.  See  Deferences  (4), 
(6),  (A),  (9),  (10)  and  <ll). 

Fluorine  and  fluorine  Compounds 

Fluorine  and  fluorine  compounds  such  as  oxygen  dlfluoride  (OFg), 
perchloryl  fluoride  (C105F),  chlorine  trlfluoride  (COT,),  and  nitrogen 
fluoride  (HgFl*)  ore  considered  together.  Most  metals  and  alloys  with  a  high 
oxidation  resistance  are  suitable  for  use  with  these  propellant  fluids. 

Monel  and  the  stainless  steels,  in  general,  are  the  preferred  materials. 
However,  the  AISX  3^7  stainless  steel  grade  has  been  reported  to  be 
susceptible  to  stress  corrosion  by  liquid  fluorine,  References  (4)  and  (12). 
These  materials  are  usually  subjected  to  a  passivating  treatment  prior  to 
use  with  these  fluids.  See  References  (4),  (6)  and  (12).  This  treatment 
produces  a  passive  fluoride  film  on  the  metal  surfaces  which  then  protects 
the  surfaces  from  further  attack  by  the  fluoride  propellant  fluid. 

Extended  service  of  stainless  steels  in  these  propellants  may  result 
in  heavy  deposits  of  fluorides  on  the  metal  surfaces.  Reference  (13)»  No 
data  are  available  on  the  effects  of  fast  moving  streams  of  propellents 
which  might  disturb  or  erode  the  passivated  protective  fluoride  films  and 
thus  increase  the  corrosion  rate. 


9 


Striking,  repeated  bending,  flexing,  or  excessive  vibration  of  fluoride 
propellant  piping  or  tankage  should  be  avoided.  Such  mechanical  actions  can 
result  in  flaking,  cracking,  or  breaking  of  the  protective  fluoride  film  on 
the  internal  surfaces  of  the  system.  With  certain  of  these  propellants, 
such  aa  chlorine  trifluorida,  this  can  result  in  a  rupture  of  the  metal  end 
a  possibly  violent  reaction  between  the  metal  and  the  propellant.  Raking 
of  the  protective  filn  can  produce  particles  which  may  interfere  with  valve 
operation  or  block  nail  tubing  lines.  References  {k)  and(lk). 

Welded  Joints  are  recoosended  to  connect  piping  and  for 

these  propellant  fluids. 

10  data  are  available  on  the  c compatibility  of  nitrogen  fluoride  (■sA) 
with  netala.  Tentative  recommendations  for  RgPj*  materials  oo^ntibility 
which  are  given  in  Table  III  were  obtained  from  Ref enact  (13). 


These  propellants  do  not  present  a  material  compatibility  problem.  All 
eosewrelal  netala  and  alloys  are  suitable  for  use  with  the  borane  compounds. 
It  ia  very  important  that  systems  containing  the  borane  ooapoands  be  sound 
and  leaktlght  because  of  the  extreme  toxicity  of  the  borane  compounds. 

KrdrooeTboc  fuels 

Ro  special  corrosion  problems  are  experienced  with  HP-1  or  other  hydro¬ 
carbon  propellant  fluids,  although  excessive  moisture  in  the  fluid  nay  oanet 
corrosion  or  rusting  in  materials  subject  to  atmospheric  corrosion.  8uoh 
corrosion  problems  may  be  aggravated  by  galvanic  ocuples  produced  by  the 
presence  of  braaing  alloys  or  combinations  of  dissimilar  metals  in  a  syetms. 

fr&ronan  Peroxide 

The  main  problem  connected  with  the  selection  of  materials  for  fabric*- 
tion  of  hydrogen  peroxide  (HgOa)  fluid  systems  is  not  so  ®ich  the  attack  of 
the  fluid  on  the  materials  but,  rather,  the  effect  of  many  materials  on  the 
decomposition  of  the  hydrogen  peroxide,  Reference  (A). 

High  purity  aluminum,  the  3000  series  of  aluminum  alloys,  and  tantalw 
appear  to  be  the  only  materials  which  are  fully  satisfactory  for  extended 
storage  of  hydrogen  peroxide.  Under  short-term  contact  conditions  it  be¬ 
comes  possible  to  use  s  wider  variety  of  alloys  including,  principally,  the 
AISX  300  series  stainless  steels  without  adverse  service  compatibility 
effects. 

Experience  with  the  hydrogen  peroxide  system  on  the  X-15  rocket  postered 
aircraft  has  shown  that  problems  arise  when  aluminum  tubing  and  fittings  am 
used  in  connection  with  other  materials,  such  as  stainless  steels.  The 
electro-chemical  problems  which  resulted  were  ouch  that  aluminum  and 
aluminum  alloys  have  been  eliminated  from  the  tubing  and  tankage  systems  for 
hydrogen  peroxide  on  the  X-15.  Aluminum  tubing,  therefore,  should  be 
considered  only  for  an  all -aluminum  structure,  unless  the  aluminum  materials 
can  be  electrically  Insulated  from  the  other  materials  In  the  system. 
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Surface  finish  Is  a  factor  Is  determining  compatibility  of  Material* 
with  hydrogen  peroxide.  The  smother  the  surface,  the  less  Is  the  rthanoe 
of  there  being  undesirable  effects,  such  as  liquid-phase  decomposition  of 
the  hydrogen  peroxide.  Therefore,  it  is  necessary  to  ensure  that  the  joists 
present  as  little  discontinuity  as  possible  in  hydrogen  peroxide  systsns. 

Bee  Rsfereaoa  (4). 

Materials  such  as  Bastelloy  B  and  C,  and  19-9DL  stainless  and  hast 
resisting  steal,  nay  be  used  only  for  short-time  contact  with  hydrogen 
peroxide.  Tbtse  Materials  May  cause  contamination  of  hydrogen  peroxide 
solutions  sufficient  as  to  make  then  unfit  for  storage.  Reference  (k). 

The  following  Materials  are  considered  unsuitable  for  any  use  with  - 
hydrogen  peroxide  solutions.  In  general,  they  nay  cause  repld  deconposltlOM 
of  the  hydrogen  peroxide,  are  rapidly  attacked,  or  fora  explosive  Mixtures 
with  hydrogen  peroxide.  Such  materials  include  copper  and  copper  alloys, 
lead,  the  AISX  1*00  series  stainless  steels,  nsgnesiuM,  nine,  and  gold  and 
•liver  alloys,  Reference  (h). 

Llauid  Oxygen  and  Ucuid  Rydroeen 

Materials  selected  for  tubing  eyatens  end  fittings  for  use  with  liquid 
oxygen  or  liquid  hydrogen  must  have  adequate  strength  and  toughness  at 
cryogsnlc  temperatures.  The  strength  of  Materials  increases  as  the  tampers* 
ture  decreases  j  hut,  generally,  Materials  loie  toughness  end  heeoM  brittle 
or  notch  sensitive  at  cryogenic  temperatures.  Toughness  of  the  material  at 
low  temperatures,  therefore,  becomes  the  controlling  factor.  The  AXBX  J00 
series  austenitic  stainless  steels,  most  aluminum  alloys,  nickel  alloys,  end 
superalloys  are  satisfactory. 

Materials  for  use  with  liquid  oxygen  must  not  undergo  self -propagating 
reactions  with  the  liquid  oxygen.  Such  materials  must  he  tested  for  shook 
sensitivity  under  service  conditions,  particularly  as  regards  reactions  on 
freshly  cut  surfaces.  Titanium  and  titanium  alloys  ignite  with  liquid 
oxygen.  The  reaction  will  propagate  and  c cmp lately  consume  the  titanium. 
Reference  (11).  Therefore,  titanium  end  titanium  alloys  cannot  he  used  for 
liquid  oxygen  system. 

Hot  Exhaust  Oases 

The  principal  material  requirement  for  hot  exhaust  gas  system  use  Is 
good  high  temperature  strength.  Any  chemical  reactions  are  likely  to  be 
greatly  accelerated  at  high  temperature.  Therefore,  traces  of  propellants 
which  may  be  present  in  the  hot  gas  stream  are  likely  to  be  more  corrosive 
than  under  normal  storage  conditions.  The  interaction  between  combustion 
products  and  metals  has  been  studied  recently,  and  the  the  first  results  sre 
described  in  Reference  (15).  It  is  generally  concluded  from  these  initial 
studies  that  the  interaction  can  be  predicted  from  thermodynamic  data, 
except  where  metallurgical  diffusion  reactions,  such  as  the  formation  of 
carbides,  occur. 
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BgoQamrodatlonB  for  Ccgrpatibllltr  and  Corrosion  Testing 

The  lack  of  reliable  information  on  the  chemical  wmpatibility  Of  the 
candidate  ante  rials  for  tubing  and  fitting*  with  the  fluid*  used  In  reeket 
propulsion  system*  makes  it  highly  desirable  that  these  materials  he  tested 
under  service  environment  type  conditions  prior  to  general  use.  At  least  cme 
representative  member  of  each  of  the  various  rocket  propulsion  system  fluid 
types  should  be  selected  as  the  corrosive  environment  medium.  The  fluid 
types  vhich  are  suggested  for  use  in  the  tests  include  a  hydras  Ins  ecmpoumd, 
hydrogen  peroxide,  a  fluoride  compound,  and  nitrogen  tetroxide. 

In  order  to  obtain  insults  which  can  he  expected  to  represent  those 
which  may  occur  in  service,  the  teste  should  include  e  stressing  factor  to 
determine  the  susceptibility  of  the  material  to  etrese  corrosion,  a  Joialrg 
factor,  and  a  spaee  service  factor.  The  Joining  factor  will  indicate  the 
effect*  of  electro -chemical  action  or  of  changes  in  the  metallurgical 
structure  of  the  tubing  and  fitting  materials  due  to  the  presence  of  a 
braslng  alloy  sad  any  heat  treaismnt  changes  caused  by  the  brass  or  weld 
cycles.  Space  service  factors  are  those  which  are  likely  to  affect  aatcrtaln 
with  a  high  vapor  pressure,  such  as  cadmium  or  silver,  both  ocamonly  used  in 
braslng  alloys.  These  same  factors  can  affect  many  other  materials  which 
may  develop  appreciable  vapor  pressures  at  high  temperatures.  Radiation 
effects  such  as  may  occur  in  materials  subject  to  apace  environments  are 
complex  and  depend  greatly  cm  the  type  of  radiation  encountered,  tehlelme 
in  apace  will  be  exposed  to  primary  cosmic  radiation,  which  oonslats  prima¬ 
rily  of  protons  but  also  includes  particles  of  higher  nass.  Ho  detrimental 
effects  are  anticipated  from  cosmic  rays  in  the  metallic  materials  being 
considered  under  this  prograa.  In  the  Tan  Allen  radiation  belts,  vehicles 
will  be  exposed  to  mainly  electrons  of  energy  greater  than  13  Nsv  and  to 
protons  whose  energy  images  to  700  Hsv,  Reference  (]£). 

The  radiation  flux  in  the  Van  Allen  halts  can  range  from  10  roentgens 
per  hour  to  ae  high  as  1000  roentgens  per  hour,  depending  an  solar  conditions. 
Reference  (16).  The  radiation  exposure  of  a  satellite  orbiting  under  these 
conditions  in  the  Van  Allen  belts  for  a  period  of  two  years  would  range  fren 
approximately  10*  to  10*  ergs  per  gram  of  carbon  equivalent.  By  way  of 
comparison,  metals  used  in  nuclear  reactors  are  exposed  to  fluxes  10*  to  10* 
times  as  great. 

Exposure  to  cosmic  ray  or  Van  Allen  belt  radiation  conditions  for  as 
long  as  several  years  is  not  considered  damaging  to  metals.  Damaging  effects 
are  produced  in  metals  by  exposure  to  fast  or  thermal  neutron  radiation. 

Such  radiation  is  generated  in  nuclear  reactors,  but  is  not  considered  to  be 
a  factor  in  the  radiation  existing  in  space  or  in  the  Van  Allen  belts. 
Therefore,  no  general  radiation  tests  are  suggested  here.  Such  teste,  If 
desired,  should  be  planned  to  fit  the  conditions  established  when  details 
of  specific  types  of  missions  axe  specified. 
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Studies  of  corrosion  and  of  vacuum  or  space  environment  effects 
can  be  carried  out  using  a  number  of  different  types  of  standardised 
specimens*  Results  which  are  most  representative  of  service  vlll  be 
obtained  If  the  tests  are  carried  out  on  stressed  speclnens  vblcb 
Incorporate  velded  and/or  brazed  Joints.  This  type  of  specimen  vill 
permit  the  simultaneous  evaluation  of  both  the  street  and  tha 
electro -chemical  factors.  A  number  of  corrosion  end  stress  corrosion 
tests  of  fairly  standardized  types  in  general  use  throughout  industry 
are  presented  in  Reference  (17) • 

A  novel  specimen  for  stress  corrosion  testing  of  sheet  materials 
is  under  development  by  the  Contractor.  This  specimen  consists  of 
one  or  tvo  strips  vhioh  are  restrained  in  a  bent  shape  by  being  Joined 
at  the  ends  to  a  shorter  third  strip  vhioh  acts  as  a  tension  member. 

The  tension  strip  may  contain  a  brazed  Joint,  and  tha  ends  of  the  hast 
•tripe  can  be  Joined  to  the  tension  strip  ends  by  voiding,  so  that 
either  or  both  brazing  and  welding  effects  may  be  observed.  By  a 
choice  of  suitable  dimensions,  the  stresses  in  the  aeeembled  specimen 
can  be  meda  such  that  the  maximum  bending  stress  in  the  bent  strips 
and  the  tensile  stress  in  the  shorter  tension  strip  are  equal  to  each 
other  and  are  tome  particular  desired  value,  such  as  a  certain 
percentage  of  the  yield  strength  of  the  material.  Details  of  this 
■peoiman  and  of  the  calculations  required  to  seleot  the  speeimen  else 
and  teat  stress  level  vill  be  completed  during  the  Rinse  IX  part  of 
this  program. 

2.2  8TREH0TH  COWS  HERAT  XOIS 

amaL  Btttnah  naaiaa. 

Following  the  determination  of  satisfactory  compatibility  with 
the  rocket  propulsion  system  fluids,  the  selected  candidate  materials 
are  then  further  evaluated  against  the  following  strength  requirements. 
The  necessity  to  minimize  the  weight  of  rocket  propulsion  vehicles 
makes  it  extremely  Important  to  consider  the  rtrength-to-  weight 
ratio  of  constructions!  materials.  The  term  "strength,"  as  used 
here,  implies  the  effective  strength  of  the  material  under  service 
conditions.  As  a  first  approximation,  the  0.2  percent  offset  yield 
strength  as  determined  by  a  short-time  test  at  the  maximum  service 
temperature  can  be  taken  as  a  measure  of  the  usable  strength  of  the 
material,  although  the  following  factors  must  be  taken  into  account. 

(1)  Instability  of  the  metallurgical  structure.  This  ean 
lead  to  either  progressive  softening  and  loss  of  strength 
during  high  temperature  service  or  to  hardening  and 
possible  embrittlement  after  a  period  of  elevated 
temperature  service. 

(2)  Hbibrittlement  effects  resulting  from  stress  corrosion 
or  similar  phenomena. 
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(3)  Fntigue  failure  in  installations  subject  to  repeated 
stress  cycling  or  vibration. 

(k)  Fracture  toughness?  that  la,  the  ability  of  a  eaterial  to 
contain  eraeka  or  dafeeta  without  suffering  a  significant 
loaa  of  strength.  This  factor  la  eooaldered  leas  important 
than  the  other  factors  Hated  above  so  far  as  the  selection 
of  aaterlala  for  tubing  and  fittings  is  concerned,  This  is 
because  even  snail  stable  (non-progressing)  cracks  and 
similar  dafeeta  which  penetrate  through  the  vail  of  a  tube 
would  disqualify  the  tube  because  of  leakage  or  loss  at 
•yrtsn  pressure. 

(5)  Creep  strength  for  applications  involving  service  at 
elevated  temperature  for  significant  periods  of  tint. 

The  modulus  of  elasticity  of  aaterlala  is  Important  because  both 
structural  stiffness  and  the  strain  resulting  free  bending  or  froai 
internal  pressure  stress  are  a  function  of  the  modulus  of  elasticity. 
It  is  desirable  to  use  a  material  with  as  high  a  modulus  as  possible 
in  order  to  aaxlsdse  the  stiffness  of  the  component  and  minimise  the 
restating  strain. 

Strength  Properties  of  Tube  and  Fitting  Materials 

Tbs  chemical  compositions  of  candidate  aaterlala  for  tubing  and 
fittings  are  presented  in  Abies  IV,  V,  and  VI.  Tens  11s  ultimate 
and  yield  strengths,  tensile  modulus  of  elasticity,  and  coefficient 
of  linear  thermal  expansion  values  versus  temperature  are  presented 
in  Able  VII  for  the  most  applicable  candidate  materials,  lota 
muat  be  taken  of  the  heat  treatment  or  condition  of  the  materials 
as  llstad  in  Able  VII.  Fully  heat  treated  materials,  of  course, 
have  a  high  strength.  However,  in  the  esse  of  welded  snd/or  brased 
fittings  it  ie  usually  not  possible  to  beat  treat  the  connection 
after  Joining  when  in-place  Joining  procedures  are  used.  It  is 
necessary,  therefore,  to  consider  the  minimum  properties  as  exhibited 
by  the  material  in  the  annealed  or  "at  welded"  condition  when 
evaluating  the  strength  of  materials  to  be  used  for  systems  on  which 
in-place  Joining  procedures  are  to  be  used.  Unfortunately,  reliable 
data  on  annealed  properties  are  not  available  for  many  materials  as 
this  information  is  not  usually  considered  to  be  of  structural 
significance.  In  the  case  of  welded  and  braced  fittings,  the  annealed 
and  "aa  welded"  strength  properties  of  materials  are  required  to 
determine  the  reduction  in  strength  across  the  Joint  which  may  have 
to  be  accepted.  The  information  presented  in  Able  VII  are  taken 
principally  from  Reference  (l8),  the  RAA  Material  Properties  Data 
Manual,  and  also  from  supplier  brochures,  such  as  Reference  (19). 

A  addition  to  the  short-time  elevated  temperature  strength, 
there  are  other  effects  of  service  temperatures  on  material 
properties  which  must  be  considered.  Service  at  high  temperatures 
may  produce  creep  effecta.  Service  under  cryogenic  conditions  may 
cause  brittleness  and  low  notch  toughness,  or  notch  sensitivity. 

The  problem  of  low  temperature  brittleness  can  be  reduced  by  the 
choice  of  metals  and  alloys  having  a  predominantly  face-centered 
cubic  lattice  structure.  Such  materials  are  the  austenitic  stainless 
steels,  aluminum  and  its  alloys,  and  some  superalloys. 
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TABLE  711.  MATERIALS  PROPERTIES  RECOMMENDED  TOR  USE  HI  J 


1  MATERIAL 

naisirf 

lb/cu.in. 

PROPERTY  (a) 

1 _ 

ALLOX 

m*  377TBE 

FORM 

SSMBCL 

UNITS 

-320P 

-100F 

ROOM 

Type  347 

Stainless 

Steel 

Annealed 

Sheet 

0.286 

?ttt 

h7 

St 

a 

km 
kal  , 

psi  XlO6 
in./in./°F  x  1 or* 

i 

1 

75.0 

30.0 

29.0 

8.9 

AX  350 
Stainless 
Stool 
(<0 

Cold  Reduced 
and  Tenperod 
Oond  CRT 

Tubing 

0.282 

1 

kai  1 

ksi 

pai  x  106 
in./in./°F  x  1XT® 

i 

INI 

185.0 

147.0 

28.7 

Sub-gaze  Oool 
and  Tanpared 
Oond  SOT 

Tubing 

0.282 

ifl 

kai 
kai  . 

pai  x  106  . 

in./in,/°P  x  10"° 

i 

1 

220.0 

192.0 

2C.7 

6.1 

AM  355 
Stainless 
Stool 

Sub-zero  Cool 
md  Trope  rod 
Oond  SOT 

Bar 

0.282 

m 

^  kai 

s«i  6 

pad  x  10D  . 

in./irf./°F  x  10"® 

i 

i 

200.0 

165.0 

28.7 

6.2 

is  Welded 

OP 

As  Brased  (0) 

Bar 

0.282 

ytU 

Jty 

& 

ksl 
ksi  , 

pai  x  10°  , 

in./i n./°P  x  10-6 

- 

— 

141.0 

54.C 

Renei  41 

Heat  Resist¬ 
ing  Alloy 

Heat  Treated 

1950F-ihr,WQ, 

1400F-16hr,AC 

Sheet 

and 

Bar 

0.298 

|r 

\ 

<X 

ksi 
ksi  , 

poi  x  10®  , 

in./in,/°F  x  10"® 

— 

i 

170.C 
130.C 
31. C 

As  Welded 
or 

As  Braaed 

Sheet 

' 

0.298 

> 

$ 

a 

ksi 
ksl  , 

poi  x  10^  , 

in./in./°F  x  10"® 

— 

1 

O  O 

130.C 

05.C 

Haetelloy  C 
Heat  Resist¬ 
ing  Alloy 
(b) 

Annealed 

Sheet 

0.323 

®tu 

<X 

kai 
ksi  , 

pai  x  10®  > 

in»/in./°F  x  10"® 

1 

1 

121, C 
57*1 
29.1 
6.1 

6061 

Aluminaa 

Alloy 

Heat  Treated 
to.  -T6 

Sheet 

0.098 

Ftu 

& 

St 

a 

BsHH 

n 

46.0 

36.5 

10.3 

11.8 

42.  ( 
35.< 
9.! 
13k 

As  Welded 

Sheet 

0,098 

*tu 

a 

ksi 

kai  ,  \ 

Mjt  x  iCr 
in./in.y°F  x  10"6 

31.0 

19.0 

1 

27.1 

16.1 

Iff 


The  rookst  propulsion  Auid  systaaa  for  tfiich  the  factor  of  tad# 
temporature  ereop  of  materials  is  considered  to  present  a  problem  are 
the  pneunatio  hot  gas  system.  The  mechanical  properties  of  alloys 
suoh  as  may  be  used  for  tubing  and  fittings  for  these  systems  are 
affected  by  the  astallurgieal  changes  which  take  place  in  these 
materials  under  the  influence  of  elevated  temperature  and  tine.  These 
changes  are  in  many  cases  subject  to  definite  physical  lass.  These 
laws  generally  follow  a  rate  process  equation,  and  from  this  basis 
several  types  of  "parameters*  have  been  developed  which  utilise  the 
principle  of  some  lb  a  of  time-temperature  relationship  to  enable 
long-time  chan  gee  to  be  predicted  from  the  results  of  relatively  short- 
time  teste#  These  parameters  describe  the  rate  effects,  or  ohngea  in 
mabotial  properties,  as  a  function  of  stress.  One  suoh  widely  used 
perimeter  is  the  Larson-Miller  Parameter,  which  will  be  used  for  the 
presentation  of  oreap-ruptura  properties  of  materials  which  may  be  seed 
in  the  fabrication  of  pnetaaatia  hot  gee  systems. 

The  Lerson-lttller  Farueter  gives  the  following  relationship  for 
the  effects  of  time  and  temperature  on  tho  creep-nature  properties 
of  aateiialsi 

P*  fp)  *  (T  +  460)(tof  t  ♦  c)  [1] 

idtsrei 

p  a  the  Larson-MLlla*  Pawed  ar 
0  a  stress,  pdL 

J  a  temperature,  degrees  Fahrenheit 
t  a  rupture  life,  boon 
C  a  a  Oonartant 


In  the  rolatianahip  shown  by  the  shove  equation,  a  oonstant-otreas  plot 
of  log  t  against  the  quantity  ^  |  should  produce  a  series  of 

straigit  line  converging  to  e  single  point  when  1*  »•*©• 


At  this  point,  log  t  is  equal  to  C  ,  and  this  value  of  C  is  theoretically 
the  best  Constant  to  use  for  the  data  involved,  1  value  of  20  is  frequently 
used  for  the  Constant  C  In  the  Larson-Miller  Parameter  equation  and  has 
given  satisfactory  results,  Reference  (20).  When  enough  experimental  data 
are  available,  a  derived  value  for  the  OonstaotC  is  used. 


Creep-rupture  properties  for  the  candidate  materials  are  given  in 
Figure  1  in  terns  of  the  Larson-Miller  Parameter  in  order  to  permit 
extrapolation  of  the  data  in  terns  of  the  effects  of  both  temperature  and 
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Figure  1  -  Creep  Rupture  Properties  of  Selected  Alloys 
20 
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Strength  Properties  of  Brasiag  Alloy* 

Candidate  brazing  alloys  were  selected  for  Investigation  under  this 
program  on  the  basis  of  brazing  characteristics  such  as  wettability  and  flow, 
on  their  compatibility  with  the  alloys  to  be  Joined,  their  chemical  compati¬ 
bility  with  the  system  fluids,  and  their  strength  characteristics .  The 
brazing  characteristics  sad  their  eos$atibility  with  the  alloys  to  be  joined 
will  be  discussed  later  in  this  report  in  the  section  on  BRAZZHQ.  Such  data 
as  were  available  from  the  literature  survey  on  chemical  compatibility  have 
been  discussed  In  the  previous  paragraphs.  The  strength  properties  of  the 
candidate  braslng  alloys  and  the  daterainatlon  of  shear  strength  value*  for 
use  in  the  design  of  brazed  tubing  Joints  will  be  discussed  in  the  following 
paragraphs. 

The  strength  characteristics  of  the  candidate  brazing  alloys  were  eval¬ 
uated  on  the  basis  of  their  block  shear  strength.  The  block  shear  test 
method  for  evaluation  of  brass  alloy  strength  has  bean  established  as  a  re¬ 
liable,  rapid  and  inexpensive  method  of  Joint  strength  evaluation  for  use  at 
room  temperature,  sub-zero  and  elevated  temperatures,  a  strength  relation¬ 
ship  has  been  found  to  exist  between  brazing  alloys  of  similar  base  alley 
compositions.  Therefore,  the  block  shear  strength  properties  of  the  candi¬ 
date  braslng  alloys  can  be  determined  on  the  basis  of  only  a  limited  number 
of  tests. 

Specimen  slse  is  reasonably  flexible,  sad  a  number  of  block  shear  test 
specimens  can  be  out  from  a  single  larger  brazed  Joint  section,  two  slses 
of  test  specimens  were  used  for  the  block  shear  tests  of  this  investigation. 

The  room  temperature  test  specimens  were  made  by  brazing  together  two  pieces 
of  the  tubing  system  material,  each  7/16  x  7/16  x  l/2  inch  in  site,  butted  to¬ 
gether  with  the  brazing  alloy  between  them.  The  specimens  for  elevated  temper¬ 
ature  testing  were  made  by  brazing  together  two  pieces  of  tubing  system 
material,  each  1/6  x  7/16  x  1/4  inch  in  size.  The  Joint  was  brazed  by  induc¬ 
tion  heating  in  an  argon  atmosphere  as  shown  is  Figure  2,  after  which  the 
brazed  Joint  section  was  cut  into  block  shear  test  specimens  of  the  sixes 
shown  in  Figure  3. 

A  complete  screening  program  to  determine  the  characteristics  of  a 
variety  of  braze  alloy  compositions  has  been  conducted  by  the  NAA/LAD  Metallic 
Materials  Laboratory  during  the  past  few  years.  The  evaluation  has  included 
block  shear  tests  at  temperatures  from  ambient  to  1000  F.  The  silver-base 
braze  alloys  and  several  of  the  gold-base  braze  alloys  being  considered  for  use 
under  this  program  were  investigated  at  that  time.  The  results  of  previous  tests 
on  alloys  of  interest  to  this  rocket  fitting  development  program  have  been 
correlated,  and  the  results  are  presented  in  Figures  3  and  4,  along  with  the 
test  values  which  wore  determined  under  this  current  USA?  program 
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Figure  2.  Induction  Brazing  Setup  for  Block 
Shear  Specimen  Fabrication . 
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Block  shear  strength  tests  vere  performed  at  temperatures  from  >320  T  to 
1500  7.  Rene'kl  alloy  specimens  vlth  palladium-Hickel  braze  alloy  Joints  vere 
evaluated  over  the  entire  temperature  range.  The  results  of  these  teste  are 
presented  in  Figures  3  and  k,  and  In  Table  VXXX.  This  brace  alloy  exhibited 
the  highest  blook  shear  strength  properties  of  the  braslng  alloys  being  consi¬ 
dered  for  use  In  this  program. 

The  gold-baas  braslng  alloys  vere  also  evaluated  vlth  Bene 'hi  sOloy  block 
shear  specimens .  The  gold-nlekel-chromlum  alloy  Premabraxe  126  vaa  tested  at 
temperatures  from  ambient  .to  1500  7.  Tvo  other  gold-base  braslng  alloys,  the 
gold-eopper-nlekel  alloy  premabrase  129  and  the  gold-nlokel  eutectic  alloy 
Premabrase  130,  vere  tested  only  at  ambient  temperature  during  the  present  In¬ 
vestigation.  Premabrase  alloy  130  had  been  tested  at  elevated  temperatures 
during  the  earlier  BAA  braslng  alloy  screening  progreme.  The  results  from  all 
the  block  sheer  tests  of  the  gold-base  braslng  alloys  are  shewn  in  Figures  3 
arid  k.  The  data  from  the  tests  conduoted  on  the  gold-bese  braslng  alloys 
during  Phase  X  of  tlie  present  program  are  sham  In  Table  XX. 

Slook  shear  strength  tests  vere  not  conducted  for  the  Hlerobraae  alloys 
beeauae  the  poor  performance  of  these  alloys  in  the  preliminary  vetting  end 
flew  tests  (to  be  discussed  under  BRAZXBO)  eliminated  them  from  further  con¬ 
sideration  for  braslng  Rene'hl  tubing.  Premabrase  alloys  126  and  130,  and  the 
60P4-k0Ni-0.3Li  alloy  vere  selected  for  further  evaluation  for  braslng  Bene'kl 
tube  Joints. 

The  block  shear  strength  of  Type  3U7  stainless  steel  Joints  braced  vlth 
the  BT  ♦  Lithium  alloy,  and  also  of  AM  350  stainless  steel  Joints  biased  with 
FT  +  Lithium  alloy,  vere  not  determined  under  this  program.  Such  Joints  had 
been  fully  tested  by  BAA  under  previous  screening  programs.  Therefore,  the 
block  shear  strength  values  for  such  Joints  shown  In  Figure  4  are  taken  from 
the  material  property  values  used  by  BAA  for  design  purposes.  Reference  18. 

2.3  AVAILABILITY  ABD  WORKABILITY  OF  TUBE  ABB  FXTTXBO  MATERIALS 

The  factor  of  availability  of  a  material  in  the  form  of  tubing  and  the 
workability  of  the  material  are  to  a  large  extent  interdependent.  Easily 
worked  materials  can  be  formed  into  all  sizes  of  tubing;  but  only  limited  tub¬ 
ing  sizes  and  vail  thicknesses  can  be  made  frem  material  that  Is  difficult  to 
work. 


Tubular  shapes  are  produced  by  tvo  main  processes.  Seamless  tubing  Is 
made  by  drawing  pierced  billets  or  tubular  extrusions  over  mandrels.  Welded 
tubing  Is  produced  by  forming  suitably  sized  strips  Into  a  tubular  shape  and 
then  welding  the  edges  together.  This  tubing  can  be  used  in  the  as-welded 
condition,  or  it  can  be  redrawn  after  welding  to  produce  a  uniformly  eised  pro¬ 
duct  with  the  weld  area  reworked  and  smoothed.  Tubing  which  has  been  welded 
and  cold  redrawn,  known  as  "welded  and  drawn"  tubing,  is  generally  considered 
to  be  equivalent  to  seamless  tubing. 

A  great  many  alloys  can  be  produced  in  seamless  tubular  shapes  on  an  ex¬ 
perimental  basis.  Commercially  available  candidate  alloys  which  can  be  pro¬ 
cured  in  the  form  of  seamless  tubing  include  the  type  3 00  series  austenitic 
stainless  steels,  many  of  the  Eastelloy  type  alloys.  Inconel  and  Inconel  X, 
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TABLE  TUI 


BLOCK  SHEAR  STRENGTH  EVALUATION 


60Pd-4QHi-0.3Ll  BRAZE  ALLOT 


Ho. 

JOINT 

AREA 

(sq,  In.) 

TEST 

TEMP. 

ULTIMATE 

LOAD 

(lb) 

average 

SHEAR 

STRENGTH 

(pel) 

XL 

22A 

.0143 

.0121 

-320  F 

1495 

1290 

31 

105.500 

a 

3 

.0495 

.0454 

Rood 

4100 

4025 

82.828 

88.656 

85,700 

15 

ISA 

.0190 

.0220 

800  F 

1390 

1385 

m 

67,500 

1A 

.0208 

1200  F 

1195 

57.451 

57,450 

13A 

13B 

14A 

.0191 

.0173, 

.0191 

1500  F 

360 

375 

362 

kH 

19,900 

Not«>  But  Material  -  Rene'  41 

Brass  area  appeared  void  free. 
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TABLE  EC.  BLOCK  SHEAR  STRENGTH  ETALUJCTZOB 
OOLMiaS  BRAZE  AllCg 


SPECIMEN 

Mo. 

JOINT 

AREA 

(sq.ln.) 

TEST 

TEMP. 

ULTIMATE 

LOAD 

(lb) 

ULTIMATE 

SHEAR 

STRENGTH 

- 

IPR 

Ib^I 

Wr^wm 

mania MwiniamrtM  i  '  ■  h  ■■iimiaaa— ioh^hi 

7 

.0468 

Boon 

Ufti 

r'f  ■  ■ 

71,311 

5 

74,876 

• 

B 

.0521 

3410 

65,451 

20 

78,541 

76,700 

16A 

.0154 

aoo  r 

676 

43,895 

0 

43,895 

mm 

16 

m 

1200  F 

330 

21,700 

5 

22,800 

22,800 

9 

.0193 

1500  F 

59 

3,056 

20 

3,820 

3,820 

fWWte-W  tf.l9T 

4 

.0464 

Room 

2265 

49,245 

0 

5 

.0424 

1625 

43,042 

5 

ISikSI 

47,200 

Prmabraae  jvi  aiw 

11 

.0449 

Roan 

2100 

46,770 

10 

51,447 

12 

.0504 

3070 

60,912 

5 

63,957 

57,700 

Not  9 :  Base  Material  -  Rene*  41 


*Shear  strength  values  are  corrected  Ter  void  areas. 


aluminum  and  most  of  the  aluminum  alloys,  and  tantalum.  Welded  and  dram 
tubing  can  be  produced  In  a  vlder  variety  of  alloys,  including  AM  350  stain* 
less  steel  and  Sene 1  4l  alloy. 

The  delivery  time  of  tubing  made  from  many  of  the  special  alloys,  such 
as  Rene*  Ul,  depends  of  course  on  the  dimensional  slse  and  on  the  amount 
ordered.  Medium  quantity  lots  can,  In  general,  be  supplied  more  economically 
and  more  quickly  than  very  small  or  very  large  orders .  Non-standard  alias 
,  are  very  difficult  to  obtain,  and  the  manufacture  of  special  dies  vould  ha 
warranted  only  for  very  large  quantity  orders.  The  smal 1  quantities  usually 
required  for  experimental  purposes  frequently  can  be  obtained  only  by  accept¬ 
ing  overruns  or  extras  left  over  from  prior  productions  lots.  However,  In 
the  ease  of  seme  materials,  sueh  as  the  type  300  stainless  steels.  Just 
about  any  slse  and  wall  thickness  is  available  from  warehouse  stock. 

a.4  MACHiR/ttJxgnt  or  rmmo  materials 

The  fittings  which  are  used  to  make  the  connections  between  the  system 
tubing  are  in  the  form  of  short  sleeves.  The  sleeves  for  the  welded  Joints 
are  usually  made  by  expanding  short  lengths  of  tubing  an  appropriate  amount. 
The  sleeves  for  the  braced  Joints  oust  be  machined  to  obtain  the  required  di¬ 
mensions  and  precision  tolerances  required  for  the  bore  and  the  braslng  alloy 
grooves.  The  braslng  sleeves  are  usually  machined  from  tube  or  solid  bar. 

Maohlnablllty  la  generally  a  function  of  strength  and  the  strain  hardn- 
ablllty  of  a  material.  Seme  measure  of  the  machinmbillty  of  a  material  can 
be  obtained  from  an  overall  maohlnablllty  rating.  This  rating  Is  derived 
experimentally  by  the  force  and  power  required  to  remove  a  given  amount  of 
material  in  a  given  time  by  various  machining  processes.  The  ratings  are  earn* 
pared  to  a  value  of  100  for  a  free -machining  steel.  The  following  maohln- 
abllity  ratings  for  some  candidate  alloys  are  based  on  data  from  the  technical 
literature  and  also  from  tests  conducted  in  the  experimental  machine  shops  at 
North  American  Aviation,  Xne. 


Relative 

Candidate  Material  Maohlnablllty  Sating 


Type  316  stainless  steel 
Typ*  321  stainless  steel 
Type  347  stainless  steel 
Inconel 
inconel  X 
Waepalloy 
Rene'kl 

Titanium  &  Titanium  Alloys 
Aluminum  &  Aluminum  Alloys 


50 

50 

s 

20 

20 

15 

30-60 
100  -  200 


2.5  CONCLUSIONS  ON  MATERIALS  SELECTION 

Of  all  the  candidate  materials  for  rocket  propulsion  fluid  system  tubing 
and  fittings,  titanium  alloys  have  the  best  strength-to-weight  ratio.  However, 
titanium  and  its  alloys  have  a  very  low  chemical  compatibility  with  many  rocket 
propulsion  system  fluids  and  due  to  the  many  fabrication  problems  their  use  is 
not  recommended. 
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Stainless  steels  of  t he  type  300  series  austenitic  steels  have  a  low  yield 
strength!  particularly  at  elevated  temperatures.  Nevertheless,  their  strength 
at  room  tesiperature  is  reasonable,  and  they  have  quite  good  strength  at  lew 
temperatures.  The  general  chemical  compatibility  of  these  stainless  steels  with 
the  rocket  propulsion  systen  fluids  is  good.  In  addition,  they  are  readily 
available  in  the  required  siset  for  use  in  rocket  fluid  systems.  Of  all  the 
type  300  series  stainless  steels,  type  347  appears  to  have  the  best  chemical 
compatibility  with  all  of  the  rocket  system  fluids  except  fluorine.  Type  34? 
stainless  steal  is  recommended  for  service  from  cryogenic  temperatures  up  to 
tsaqperatures  in  the  range  from  200  7  to  600  F. 

Aluminum  alloys  have  some  promise  for  low  temperature  service,  but  the 
difficulties  encountered  in  joining  them  hy  the  welding  and  brazing  techniques  of 
this  program,  as  well  as  their  generally  low  standard  of  chemical  compatibility 
have  caused  them  to  be  virtually  eliminated  as  candidate  materials  for  consider* 
ation  in  this  program. 

The  potential  candidate  materials  for  elevated  temperature  service  are 
tantalum  and  a  group  of  heat-resisting  superalloys  consisting  of  the  Bastelloys , 
Waspalloy,  Inconel  718,  and  Rene'  41.  Rene'  4l  has  been  selected  from  the 
latter  group  for  several  reasons.  It  has  a  greater  potential  chemical  compati¬ 
bility  with  the  rocket  system  fluids  than  do  the  other  materials  in  the  group, 
notably  the  Bastelloys.  Rene*  4l  is  also  more  readily  available  in  the  form  of 
tubing  than  are  some  of  the  other  materials  at  the  present  time.  Finally,  Rene’ 
41  in  the  'as  welded*'  end  "as  braced”  conditions  has  satisfactory  strength  for 
use  in  this  program,  and  responds  rapidly  to  aging  at  elevated  temperatures, 
thus  recovering  much  of  the  strength  lost  in  joining.  Inconel  718  was  found  to 
have  extremely  low  strength  in  the  annealed  and  the  "as  welded"  conditions. 
Inconel  718  is  reported  to  be  very  sluggish  in  its  aging  response,  and  thus 
would  take  a  long  time  to  recover  the  strength  lost  during  the  joining  process. 
Tantalum  would  be  a  very  suitable  material  from  the  point  of  view  of  ehemlodL 
compatibility,  but  its  cost  is  so  high  as  to  preclude  widespread  use  except  in 
cases  where  no  other  material  would  be  suitable. 

One  other  material  has  been  selected  for  testing  at  elevated  temperatures 
under  this  program  along  with  the  Type  347  stainless  steel  and  the  euperalloy 
Rene'  41.  nils  is  the  precipitation  hardening  stainless  steel  AM  330.  AM  330 
has  been  selected  because  of  its  generally  good  chemical  compatibility  and  its 
excellent  strength-to-weight  ratio.  This  material  is,  therefore,  recommended 
for  inclusion  in  this  program.  The  fittings,  or  sleeves,  for  the  welded  Joints 
in  AM  330  tubing  systems  are  made  by  expanding  short  lengths  of  the  tubing  to 
be  Joined.  The  brazing  fittings  are  machined  from  AM  333  stainless  steel  bar 
stock. 


It  is  believed  that  the  materials  selected  for  development  and  testing  as 
fittings  under  this  program,  while  not  in  eonnon  usage  for  rocket  propulsion 
fluid  systems  at  the  present  time,  all  show  promise  for  such  application  In 
the  near  future.  Results  obtained  with  these  materials  should  be  capable  of 
being  extrapolated  to  other  service  conditions  to  a  useful  extent. 
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3.  STRUCTURAL  ASOJSZS 

3.0  CCBBRAI  HBggngBgjgg 

The  component*  of  rocket  fluid  *y*te*a  for  which  •  stress  analysis 
la  to  ha  conducted  under  thla  program  are  the  tubing  llnaa  and  the 
fittings,  or  joining  eleevea.  Joining  technique*  to  be  eonaldered  are 
the  braaing  and  the  voiding  proeeaaea.  The  envireonent  to  ha  daalt  vftth 
consists  of  high  internal  pressures,  and  aloe  intaoaivt  heating  aad 
eoollng  vhloh  oauaea  a  a  harp  tharaal  gradient  aeroaa  the  tube  or  fitting 
vail. 

for  engineering  purpoaea  the  analysis  la  aada  la  acacrla nee -with 
the  following  considerations: 

(1)  The  tube*  are  treated  a  a  thick  ahella  aubjeot  to  both 
high  radial  tenperature  variation  end  internal  pvoaaare. 

(2)  The  loada  are  rotatlooally  eyitrlcel  about  the  axle 
of  rotation. 

(3)  The  principle  of  euperpoeltioo  operates  vlthla  the 
alaatle  range;  that  la,  the  olaatle  and  tbenel  atraaoaa 
ean  be  oeablned  algebraically. 

3.1  TOBIiO  AKMTBIB 

The  following  equation  governing  the  distribution  of  atraaoaa  la 
a  tuba  are  uaed  for  tubing  street  analyses.  The  derivation  of  theee 
equation*  ere  ahovn  in  Reference  (21). 

The  naxlnum  circumferential,  or  hoop,  etreaa  la: 

«L 

tdiaret 

Of  n  inside  dianwter  of  tubing 

s  outside  diameter  of  *«w"g 
JO^  =  internal  (system)  pressure 
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Sttswl  stresses  are  produced  la  tbe  tubing  by  the  temperature 
difference  between  the  laser  mad  outer  surface!  of  the  tubing  nil. 

Xbese  thermal  stresses  ess  be  calculated  by  the  following  equatlM: 

^4.  *E(U-tj  [»] 

where:  /V  ■  linear  coefficient  of  tbenel  expansion  of  tubing 

eater lal 

"Jl  •  temperature  on  laser  surface  Of  tote  nil 

■  temperature  os  outer  surface  of  tube  nil 

JJL  ■  Poisson's  ratio  of  tubing  notarial 

9io  upper  alga  of  the  t  alga  la  Iqustlon  Isl  applies  to  the  tbenel 
stress  at  the  outer  surface  of  tbe  tub#  wall” aad  the  lower  slgs  to  the 
thanal  stress  at  the  inner  surface,  When  tbe  temperature  of  the  tube 
wall  laser  surface  1s  less  than  that  of  the  tuba  wall  outer  surface 
(  7?<  /e  ),  the  outer  surface  tbenel  Induced  strese  la  ocmpreMlTB  aril 
the  laser  surface  thanal  stress  la  tensile!  Referaaeos  (21)  and  (22), 

9m  prise Iple  of  superposition  oes  be  used  to  eealblM  the  thanal 
Induced  stresses  on  the  tubing  wall  wltb  the  streaeee  produced  bjr  the 
Internal  pressure  In  the  tube  In  order  to  detanina  tbe  orltleal  strata 
In  tbe  tubing  and  Its  location.  In  the  ease  noted  abort,  when  the  tube 
well  outer  surface  le  hotter  then  tbe  Inner  surface,  the  critical 
combined  stress  la  e  tension  stress  on  tbe  inner  eurfaee.  Where  the 
thernal  gradient  Is  large,  the  critical  combined  strese  can  reach  the 
yield  strength  of  the  materiel  as  a  limiting  rmlue.  9te  redistribution 
of  local  stresses  should  be  considered,  especially  during  equilibrist 
beating  conditions,  References  (23)  and  (24), 

It  the  wall  thickness  at  tbe  tubing  le  defined  by  b/oL  %  1.9, 
aad  the  maxima  circumferential  strese,  (tfg  )  mas.  Is  defined  as  the 
material  yield  strength,  fty  ,  for  the  proof  loading  condition  or  the 
tensile  ultimate  strength,  Ftu.,  tag  the  burst  condition}  by  Raferanee  (25), 
Equation  [ll  can  be  used  to  calculate  tbe  tube  wall  thickness  required 
for  a  given  Internal  pressure  end  temperature  environmental  condition. 

9m  following  equation,  which  Is  derived  from  Equation  [l],  can  be  need 
to  calculate  tbe  well  thickness : 


M 


where:  t 

O  ■  ncninal  tube  diameter 
ye  m  material  yield  (proof)  or  ultimate  (burst)  strength 
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9n  notarial  strengths,  fk  and  f\y  ,  an  tafmtm  Itfatek. 
Sherefttn?  the  arterial  strength  values  for  the  mmimm  servlee 
tenperrture,  as  shewn  in  Table  Til,  should,  to  used  in  the  aalwlattaa  of 
the  tubing  noil  thickness.  The  use  of  the  short-tins  high  tiwjwfiinro 
strength  values  Is  satisfactory  for  rocket  systsoa  Aevs  the  tine  at 
tiTorstiim  and  undar  load  is  relatively  shot,  for  system  tbaro  tbo 
tublJg  my  ha  under  load  at  high  temperatures  for  aora  than  one  or  tea 
boors  total  tins,  the  creep  strength  valuta  shoes  la  flgnro  1  tfodd 


The  theoretical  value  for  tube  vail  thickness  salaalnted  ty  nee  sff 
Equation  [3]  should  bo  laeroased  by  ten  percent  to  eagaati  far 
tbo  effects  of  minor  aaterial  iaperfeotioas  cod  other  footers  Alsk 
sight  redues  tbs  taking  strength  or  adversely  affect  tba  oerv&oe  life, 
finally,  tba  actual  veil  thloknesa  specified  should  ho  a  standard  slat 
for  tba  particular  tuhlng  aaterial.  Xf  the  calculated  else  la  hetvaan 
tve  standard  else#,  tba  beavlar,  or  thicker,  else  should  be  specified. 
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She  vail  thloknesa  specified  for  the  fittings,  or  elaavaa,  for  the 
voided  tubs  eonasetloos  Is  ncmally  tba  Hat  as  the  veil  tblakasss  of 
the  tubes  being  Joined.  In  moat  eases,  tbs  veld  Joint  sleeve  fitting 
vill  be  aade  by  expanding  tba  dlaeetar  of  a  abort  length  at  tba  anas 
tubing  Just  enough  so  that  it  can  be  slipped  over  the  tubing.  9m 
procedures  and  tolerances  for  this  vill  be  further  diaaaaead  in  the 
section  on  tba  mid  Joining  process. 

the  vail  thickness  of  the  braze  Joint  fittings,  or  aleeuoo,  oust  bo 
greater  then  that  at  the  veld  fittings  in  order  to  provide  for  the  Inter* 
aal  circumferential  grooves  required  to  hold  the  brae  lag  alloy.  Xa 
order  to  provide  for  the  stress  concentration  due  to  the  bras  log  allay 
grooves  and.  for  other  lanarf actions,  the  aaterial  strength  aHovabla 
used  as  n  in  Equation  T3J  should  be  2/3  of  the  values  given  la 
Table  TXZ. 
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9m  length  of  the  wnl&  fitting  sleeve  le  not  too  critical.  9m 
sleeve  should  he  sufficiently  long  that  It  eaa  give  support  to  the  hoe* 
effected  zone;  that  is,  the  length  of  the  tubing  near  the  i eld  joint 
which  has  been  softened  by  the  welding  heat.  9m  weld  fitting  sleeve 
length  mil  be  further  discussed  la  the  sect lan  on  the  wild  Joining 


9m  length  of  the  tease  fitting  sleeve  is  critical  to  the  strwgHh 
of  the  teased  Joint.  9m  prinary  concern  is  that  it  withstand  the  load 
along  the  tube  axiaj  that  is,  the  load  whioh  tends  to  pull  the  tube  ant 
out  of  the  sleeve.  Shis  lead  is  the  result  of  the  stress  yreftaond  te 
the  Internal  pressure  In  the  tube,  the  stresses  due  to  I  opiretm 
effects  on  different  sections  of  the  piping  syatca,  sad  ntchenleal 
effsets  due  to  verplng  of  the  structure  which  supports  tht  piping  Sjrstca. 
Bovevsr,  the  axial  loed  osnnot  exceed  the  tensile  strength,  either  Iga 
or  fty,  of  the  tublzg  itself  or  the  tubing  would  fall  before  the  Join. 

9m  tenalle  strength  of  the  tubing  is  given  hr* 

Cf  axis!  "  *t*’**t 

9m  axial  strength  of  tho  teased  Joint  is  glvea  by< 
txisi  •  -  *jy 

where:  7t  *  tonsils  »tu  or  Tty  tube  asterial 

7*  ■  Shear  strength  of  teasing  alley 
S  ■  twins)  disaster  of  tUhing 
C  »  half  length  at  fitting  sleeve 
g  •  width  of  tease  alloy  groove  in  sleeve 
I  -  mater  of  brass  alley  grooves  la  length  0 

Since  the  tout  Joint  need  only  equal  the  strength  of  the  tubing. 

Equations  [4J  and  £  5 j  my  be  c cabined  to  give  the  half  length  of  the 
teased  alarn  as:  -  - 

=  ■!£..!,  L‘] 

and  the  total  length  of  the  brased  fitting  sleeve  1st 

i  -  ac  -  ♦  «|g  £?] 

In  order  to  distribute  the  shear  stress  acre  evenly  along  the  length  of 
the  brased  Joint,  the  ends  of  the  fitting  sleeve  should  be  tapered  la 
thickness  as  shown  on  the  sketch  on  the  preceding  pegs.  See  Heferenoe  (ad). 
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3.3  PETERMIMtriOH  OP  TUBPO  BE23B 


Baaed  on  the  foregoing  stress  analysis  procedures,  data  were  prepared 
in  the  fora  of  curves  shearing  the  relationship  between  tubing  disasters  and 
wall  thicknesses  for  various  system  pressures  and  temperatures.  The  data 
are  presented  for  6061  aluminum  alloy,  AI8I  Type  34?  and  AM  350  stainless 
steels,  sad  Rene1  4l  nickel-base  alloy  tubing.  These  data  are  shown  on 
Figures  5  through  9. 

The  individual  tubing  slses  which  were  to  be  used  la  the  Phase  XX 
Qualification  Teat  Program  were  aeleeted  to  represent  both  the  minimum  aad 
tube  sizes  normally  used  in  each  particular  fluid  system.  Tha  3 
inch  diameter  else  for  the  AXBX  Type  3U7  stainless  steel  tubing  was  tha 
largest  size  propellant  tubing  for  which  testing  was  contractually  required, 
even  though  fitting  connection  designs  were  to  be  prepared  later  for  larger 
tubing  sizes,  as  determined  to  be  feasible,  up  to  a  maximum  of  16  inches 
diameter. 
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aD.  Yhickness  -  in  Inches 


4.  TOOK  BRAZIBB 


4.0  GMPtt 

Tb*  eoceapt  of  uilng  braced  joint*  for  connecting  fluid  aywtan  Umi 
i*  not  wv,  but  the  uie  of  aueh  joint*  in  aircraft  and  rocket  ayatem a 
baa  not  occurred  until  very  recently.  It  la  only  in  tb*  laat  few  year* 
that  tb*  brill nf  technology  and  aqulpnant  required  for  aaklng  touted 
Jolnta  "in  place"  and  under  field  oondltlona  have  bacon*  auffielently 
veil  developed.  The  technique*  for  aaklng  fluid  ayatea  totted  Jolnta 
by  induction  beating  at  a  dlatanc*  from  thv  power  aupply  were  fir at 
developed  by  the  Lot  Angela*  Division  of  North  Aaarlean  Aviation,  Inc., 
for  uae  in  the  eonatruetlon  of  the  X-15  rocket  reaeareh  vehicle,  fbaae 
teebnlquaa  and  equipnant  were  further  developed  and  inproved  for  uae  la 
aaaenbiy  of  tb*  B»70  aircraft.  Tb*  work  reported  in  this  section  utlllaed 
the  prevloua  technology  to  eatabllah  new  issproved  bracing  technique* 
and  fitting*  for  uaa  la  fluid  ayatana  on  rocket  propulaloo  vebielea. 

4.1  SELECTION  OF  BSAEIBO  ALLOTS 

Prior  to  aelectlon  of  bracing  alloy*  for  evaluation,  a  review  vaa 
and*  of  the  literature  and  of  prevloua  work  conducted  by  the  Contractor. 
Baaed  upon  thla  review,  the  following  bracing  alloys  were  aeleeted  for 
uaa  with  each  of  the  tubing  naterlalai 


TOBS  MATERIAL  CANPIPATg  BRAZIMQ  ALLOT 

Type  347  Stalnleaa  Steel  BT  +  Lithlta 

Pranatoate  18S 
Prewa  brace  130 

AM  350  Stalnleaa  Steel  BT  *  Lithluu 

Mlerobrat  150 
Rlerobrat  XM 

Sene'  41  Preaabrat*  126 

Frenabrate  129 
Preaabrat*  130 

609  felladluu  +  4o£  Nlekel  +  Lithlun 


Ibe  chealcal  composition  of  each  of  tbaae  brasisg  alloy* 
are  Hated  in  Table  X. 
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The  criteria  used  for  ■« lection  of  candidate  toasiag  allays  an 
listed  below  and  are  discussed  in  detail  In  the  following  paragraphs: 

(1)  wettability 

(a)  nm 

(3)  Compatibility  with  tbs  base  aaterlal 

(k)  Corrosion  re  si  stance 

(3)  Strength 
wettability  and  flow 

The  vetting  and  flow  characteristics  of  candidate  bra  sing  alloya 
vara  deteralned  by  heating  snsll  eanplea  of  each  of  the  niter  la  la  to 
progressively  higher  temperatures  in  sn  atmosphere  controlled  tube 
furnace.  Temperature  was  monitored  through  thermocouples  attached  to 
the  bsok  side  of  the  test  specimens.  After  the  desired  temperature 
had  been  reached,  and  the  specimen  had  stabilised  at  temperature  for 
a  few  minutes,  it  was  withdrawn  from  the  hot  zone  of  the  furnace  and 
allowed  to  cool  in  sn  inert  argon  atmosphere. 

The  wetting  and  flow  characteristics  of  the  brute  alloya  wore 
evaluated  visually.  Three  typleal  test  specimens  which  exhibit  various 
degrass  of  vetting  end  flow  art  shown  in  Figure  10.  The  wettability 
and  flow  charecterlstlee  of  the  eelected  candidate  bracing  alloya  with 
the  tubing  ayatem  metarule  are  preaented  in  Table  XL.  It  ehould  be 
noted  that  the  reeulta  of  thle  type  of  teat,  although  qualitative  In 
nature,  do  establish  the  vetting  compatibility  of  the  selected  msterUlo 
and  also  the  spproxiamte  breslng  temperature  for  the  brase  alloy-tube 
material  combination. 

All  the  candidate  brase  alloys  selected  for  use  with  Type  3>a*f 
stainless  steal  have  exhibited  satisfactory  wetting  end  flow.  The  BT  + 
lithium  alloy  appears  slightly  superior  to  the  Prana  brats  alloya  128  and 
130.  This  is  to  be  expected  since  the  lithium  addition  greatly  Improves 
vetting  and  fluidity  of  the  bracing  alloy.  Ae  noted  In  a  previous 
section  of  this  report,  the  block  shear  strength  of  the  BT  +  lithium 
braze  -alloy  was  found  to  be  satisfactory  for  the  requirements  of  the 
Type  3UT  stainless  steel  tubing  system.  Both  the  silver -base  BT  + 
lithium  alloy  and  the  gold-base  Premabrase  130  alloy  vere  eelected  for 
further  evaluation  for  brazing  Joints  In  Type  3^7  stainless  steel 
tubing. 

The  BT  +  lithium  alloy  was  the  only  candidate  brazing  alloy  con¬ 
sidered  for  use  with  AM  330  stainless  steal.  This  alloy  hss  proved 
very  satisfactory  In  use  for  the  B-70  hydraulic  system  line  Joints,  end 
has  satisfactory  wetting,  flow,  and  strength  properties  for  the  AM  330 
stainless  steel  tubing  system  preesure  and  temperature  requirements. 
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Figure  JiP.  Wettability  Test  of  Brazing  Alloys 
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Premabraze  alloys  128,  129  and  130,  and  the  6QPd-4QNi-Q.3Li  alloy  allowed 
the  best  vetting  and  flow  properties  vith  Rene*  4l  base  metal.  These  braze 
alloys  vere  then  tested  for  block  shear  strength  os  described  In  a  preceding 
suction  of  this  report.  Information  about  the  brazing  characteristics  of  the 
candidate  brazing  alloys  can  also  be  determined  during  the  block  shear  tests. 

The  extent  of  melting,  vettability  and  flow  of  the  brazing  alloys  can  be 
obcorved  from  examination  of  the  sheared  surfaces  of  the  specimens  after  test' 
ing.  The  effectiveness  of  various  cleaning  procedures  can  also  be  evaluated 
in  this  manner.  Finally,  metallurgical  examination  of  the  specimens  can  be 
performed  to  determine  the  extent  end  type  of  diffusion  or  other  reaction  of 
the  braze  alloy  vith  the  basis  material.  The  braze  alloys  used  to  make  the 
block  shear  apeolmens  vere  in  the  form  of  foil;  the  gold-base  alloys  vere  .002 
inch  thick  foil,  and  the  palldlum-nlckel  alloy  vas  .005  inch  thlok  foil.  The 
composition,  melting  temperature,  and  brazing  temperature  of  these  and  other 
candidate  brazing  alloys  considered  for  this  program  are  given  in  Table  X. 

The  palladlum-niekel  brazing  alloy  exhibited  the  best  consistent  vetting 
and  flow  characteristics  of  the  braze  alloys  vhleh  vere  used  to  make  Rene1  41 
block  shear  test  specimens  for  this  program.  This  vas  Judged  by  the  appear¬ 
ance  and  absenae  of  voids  in  the  failed  braze  surfaces  of  the  block  shear 
opceimens,  such  as  those  shewn  In  Figures  11  and  12.  The  gold-base  alloys 
Promabraze  128,  129  end  130  exhibited  a  less  consistent  flew  end  vetting  of 
the  Rene*  4l  block  shear  specimens,  as  evidenced  by  the  presence  of  up  to  20 
percent  voids  in  the  failed  braze  surfaces  of  some  of  the  tested  specimens. 

Tho  degree  of  void  area  for  the  gold-base  alloy  specimens  is  listed  in  Table 
XI,  and  the  appearance  of  the  failed  surfaces  of  the  specimens  tested  at  room 
temperature  are  shovn  in  Figures  13,  14  and  15. 

The  two  Nlarobraz  alloys  did  not  show  satisfactory  vetting  and  flew 
characteristics  vith  Rene1  4l.  t  omination  of  the  braze  alloy  flew  specimens 
indicated  that  the  binder  used  in  these  pewder  alloys  adversely  affected  the 
wet. ting  and  flow  of  the  alloys.  As  previously  noted,  block  shear  strength  tests 
wore  not  conducted  for  the  Nicrobraz  alloys. 

On  the  basis  of  the  vetting,  flew,  and  bloak  shear  strength  tests,  Pre- 
mabraze  alloys  128  and  130,  and  the  60Pd-40Ni-0.3Li  alloy  vere  seleeted  for 
further  evaluation  for  Rene1  4l  tube  Joint  brazing. 

4.2  BRAZIflO  PARAMETERS 

The  following  brazing  parameters  vere  considered  essential  for  successful 
lube  brazing.  These  parameters  vere  studied  in  detail  for  each  of  the  tubing 
materials  considered  for  use  in  this  program. 

(1)  Cleaning 

(2j  Atmosphere  control 

(3)  Fitting  (sleeve)  design 

(4)  Induction  heating  coil  design 

(5)  Heating  rate  and  uniformity  of  heating 

Three  other  factors  also  considered  important  were  the  form  of  the  brazing  alloy, 
the  diametrical  .-.pacing  ue  tween  the  fitting  (sleeve)  and  the  tube,  and  the  power 

requirements  for  1  cazing. 


45 


IfaC&ifloatlaa  1AZ 

•psalm  Bs.  k  ipselm  Is.  3 

It  Told  Am  3  Bttssat  Told  Am 

Titlarks  *9,**}  ?■!  Correoted  Stmgtli  *5,19*  I«i 


fast  faspsrstoax  isaai 
1ms  Material  >  •sate*  kl 
lrus^»  1*9  OX*  -  ««u  -  311) 

W«Bri  14- 

ariabaios  or  tasss  biab  sthfaob 
Araot  BUCK  BXEA1  COT  35Aa  -  6*8»  -  911 


Megnifleetloa  10X 


Speolwn  Is,  11  BpeeJaen  Is.  It 

10  Percent  Told  Ares  5  Beroent  Told  Am 

Corrected.  Strength  51,1*7  ?■*-  Correoted  Strength  63,957  »•! 


Vest  tapemtoxet  low 
Sue  Ifcterlnl  -  Bene1  hi 
.  Iren  Alloy  PM  130  (6tAa  -  iBli) 

TlgUiS  15 

APSBASAXS  OF  FAILED  BRASS  SERFAGES 
ARCS  BLOCK  SHEAR  BBSS  8SAn  -  Iflll  ALLOT 


50 


Several  of  these  parameter!  vert  relatively  independent  of  ths  material 
being  brazed.  These  independent  pereaetera  .-sere  the  cleaning,  atmosphere 
control,  induction  heating  coil  design,  heating  rate,  end  the  poser  require¬ 
ment!.  There  see  little  difference  in  these  par— utiin  whether  the  — terlal 
being  braced  was  Bene*  Ul,  AM  350,  or  Type  347  stainless  steal.  These 
independent  paraneters  will  be  .dlecuesed  in  the  following  paragraphs. 

Ths  other  parsneters  were  dependent  upon  tbs  breslng  alloy  and/or  the 
material  being  Joined.  Thais  dependent  parameters  are  the  fitting  or  sleeve 
design,  brazing  alley  form,  and  the  Joint  clearance  or  disawtrloel  spacing. 
Tha  dependent  pareaetera  ere  alio  dlecuesed  below. 

4.3  aaxmms  wj&uk  toMumm 


Cleaning  procedures  for  each  of  the  tubing  and  fitting  aeteriale  to  ba 
used  in  this  program  had  been  previously  established  by  the  Contractor.  Ibeaa 
procedures  were  found  to  be  entirely  satisfactory  for  use  in  tube  bracing. 

The  aer.e  procedure  for  pre-braxe  cleaning  was  used  for  all  three  of  the 
tubing  system  materials.  Bene1  4l,  Type  347  and  AM  3 50  stainless  steels.  Thla 
cleaning  procedure  was  as  follows* 

(1)  Alkaline  dean  by  lmerslon  in  Vitro-lCLene  (Turco  Products),  with 
Tureo  Bo.  4215  additive,  for  15  to  SO  minutes  at  a  bath  temperature 
of  170-200  F. 

(2)  Rinse  in  demineralised  water. 

(3)  Pickle  in  inhibited  nitric  add  (7  to  9  percent  BBOu  plus  6  to  8 
percent  Turco  4104}  at  room  temperature  for  10  almas. 

(4)  Rinse  in  demineralized  water. 

Ataosuheire  Control 

All  Joints  were  brazed  In  dried  argon  gas.  A  pyrex  glass  tube,  dosed  at 
each  end  by  stainless  steel  fittings,  was  used  as  a  plenum  chamber  to  retain 
the  argon  gas  around  the  Joint  and  also  to  aid  in  positioning  the  tube  and 
sleeve  assembly  within  the  induction  coil.  Typical  assemblies  set  up  for  brac¬ 
ing  are  shown  in  Figures  16  and  17-  Disassembled  fittings,  pyrex  plenua 
chambers,  and  various  sizes  of  induction  coils  are  shown  in  Figures  17  and  18. 

Dried  argon  gas  was  introduced  into  the  plenum  ch— ber  through  cm  of  the 
end  fittings  and  flowed  between  the  metal  tube  and  the  pyrex  tube,  as  indicated 
on  Figure  19*  Dried  argon  gas  was  also  flowed  through  the  inside  of  the  metal 
tube.  In  this  way  all  surfaces  of  tin  Joint  assembly  to  he  brazed  were  in  as 
argon  atmosphere.  Incoming  gas  flows  were  balanced  so  the  pressure  was  approxi¬ 
mately  equal  on  the  inside  and  outside  of  the  tube  Joint  assembly.  If  the  gas 
flow  pressures  were  not  maintained  equal,  there  was  a  tendency  for  the  argon 
gas  to  pass  through  the  molten  brazing  alloy,  causing  voids  in  the  brazed  Joists 
or  expelling  the  molten  brazing  alloy  from  the  Joint  capillary. 
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A  specially  built  drying  train  was  used  to  ensure  that  the  argon 
gas  was  dried  to  less  than  ten  partB  per  million  of  moisture  before  the 
gas  was  passed  through  the  brazing  apparatus.  In  addition,  lew  flow 
rates  of  the  dried  argon  gaB  were  used  during  brazing  to  further  minimize 
the  possibility  of  introducing  traces  of  moisture  vith  the  argon,  the 
argon  gas  flow  rates  were  controlled  to  prevent  air  from  entering  the 
plenum  chamber  and  contaminating  the  enclosed  Joint  assembly  during  the 
brazing  cycle,  and  particularly  when  the  argon  atmosphere  in  the  plenum 
chamber  contracted  in  volume  during  rapid  cooling  of  the  system  after 
brazing. 

Coil  Beslan 

Design  of  the  induction  heating  coil  for  tube  brazing  Includes 
consideration  of  four  variables.  These  variables  are! 

(1)  Coil  length 

(2)  Coll  diameter 

(3)  Number  of  turns  in  eoil 

(U)  Size  and  shape  of  the  tubing  used  to  form  the  coll 

Tbe  relationship  of  the  above  variables,  the  plenum  chamber,  and 
the  Joint  assembly  to  be  brazed,  are  shown  in  Figure  19-  The  length 
of  the  coil  is  determined  by  the  length  of  the  area  to  be  heated,  in 
the  case  of  this  program,  the  length  of  the  fitting.  Satisfactory 
Joint  brazing  was  achieved  for  the  JointB  made  in  the  Phase  1  part  of 
this  program  when  the  coil  length  was  equal  to  the  fitting  length. 
Variations  of  l/l6  to  1/8  inch  in  the  coil  length  did  not  appear  to  have 
any  detrimental  effects  on  the  brazing  process  or  the  quality  of  the 
Joint.  The  coil  length  may  be  increased  or  decreased  if  more  or  leas 
heat  is  required  at  the  ends  of  the  fitting  in  order  to  accomplish 
satisfactory  brazing. 

Tne  inside  diameter  of  the  Induction  coil  is  normally  made  as  small 
as  possible  consistent  with  the  size  of  the  plenum  chamber.  The  spacing 
between  the  inside  diameter  of  the  Induction  coil  and  the  outside  of  tbe 
work  piece  is  called  the  "coupling"  of  the  coil  to  the  work.  In  general, 
the  efficiency  of  induction  heating  is  greatest  when  the  coupling  or 
space  between  the  coil  and  the  work  is  as  close  as  is  possible  without 
causing  the  electric  current  to  arc  from  the  coil  to  the  work  piece. 
However,  there  are  times  when  the  coil  diameter  is  increased  in  order 
to  decrease  the  flux  intensity  and  produce  a  more  even  heat  input  into 
the  work.  Dimensions  of  the  pyrex  plenum  chamber  tubes  and  the  in¬ 
duction  heating  coils  sb  used  for  several  sizes  of  brazed  tube  Joints 
during  the  Phase  I  part  of  this  program  are  given  in  Table  XU.  The 
sizes  given  in  this  table  are  indicative  only,  inasmuch  as  they  are 
dependent  on  the  wall  thickness  or  outside  diameter  of  the  particular 
fitting  used  to  make  the  Joint,  and  also  the  coil  diameter  will  be 
varied  according  to  the  requirements  established  by  the  ferromagnetic 
characteristics  of  the  tubing  and  fitting  materials. 
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The  power  output,  or  heating  efficiency,  of  the  induction  heating 
system  is  determined  in  great  measure  by  the  match  between  the  electrical 
characteristics  of  the  induction  generator,  the  power  transmission  cable 
and  the  coll.  It  is  particularly  important  that  the  impedance  of  the 
transmission  cable  together  with  that  of  the  c oil -vor apiece  combination 
be  properly  matched  to  the  impedance  of  the  Induction  generator  circuit. 
The  impedance  of  the  induction  coll  can  be  changed  scmevhat  by  increasing 
or  decreasing  the  number  of  turns  of  copper  tubing  which  sake  up  tbs 
coll.  The  length  of  ths  area  of  the  workpiece  which  is  to  bo  heated  is 
a  consideration  in  determining  the  number  of  turns  of  the  coll,  bat  tho 
matching  of  the  electrical  characteristics  of  the  circuit  is  by  far  tho 
most  important  consideration.  The  coll  length  can  bo  lncrooood  by 
spreading  the  turns  farther  apart,  if  necessary,  without  increasing  the 
number  of  turns. 

The  number  of  coll  turns  required  to  satisfactorily  brass  a  given 
tube  Joint  and  fitting  combination  will  not  be  the  same  when  different 
induction  generators  are  used.  This  was  demonstrated  during  the 
development  of  brazing  parameters  for  3A  inch  0.  D.  x  0.030  inch  nail 
Rene'  A1  tubing.  A  three-turn  coil  produced  uniform  heating  of  the 
Joints  on  the  30  KW  Ther-Monie  Induction  Heating  Unit,  but  a  four-turn 
coil  was  required  to  obtain  uniform  heating  and  good  quality  tossed 
Joints  when  the  2-1/2  KW  Lepel  Induction  Beating  Unit  was  used. 

The  sine,  or  diameter,  of  the  tubing  used  to  fora  the  work  eoll 
as  well  as  the  tubing  shape,  whether  round,  square,  or  flattened,  is 
selected  to  fit  the  Joint  design,  tubing  and  fitting  material,  and  the 
induction  generator  which  is  to  be  used.  The  work  coll  which  was  used 
to  braze  the  Joints  in  the  lA  inch  diameter  AM  350  stainless  steel 
tubing  was  made  from  l/8  inch  diameter  round  copper  tube.  Round  copper 
tubing  3/16  inch  in  diameter  was  used  for  the  work  coils  with  which 
the  Joints  in  tubing  1/2  inch  and  larger  in  diameter  were  biased. 

All  tube  Joint  brazing  during  the  Phase  I  development  work  was  done 
using  hand-wound,  open,  water-cooled  copper  tube  colls.  The  tube  Joint 
to  be  brazed  was  contained  inside  the  glass  plenum  chamber.  This  type 
of  arrangement  is  shown  in  Figures  17  and  19.  It  is  satisfactory  for 
bench  or  "shop  type"  brazing  at  the  work  station  on  the  induction 
heating  unit,  and  it  can  also  be  used  at  the  end  of  a  coaxial  power 
transmission  cable  for  "in  place"  brazing  at  locations  remote  from  the 
induction  unit.  The  plenum  chamber  can  be  made  in  two  pieces  for  ease 
of  removal  from  the  Joint  after  brazing.  The  hand-wound  copper- eoll 
is  inexpensive  and  can  be  discarded  after  use. 
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Where  many  Joint!  of  the  sene  size  end  arterial*  are  to  he 
brazed,  the  York  coll  can  be  made  ae  a  reusable  ip  lit -type  con¬ 
figuration,  such  as  is  shewn  in  Figure  20.  This  i*  a  production- 
type  tool  using  an  air  cooled  coil.  It  la  designed  tor  ease  of 
use  in  an  area  of  limited  accessibility  at  a  distance  free  the 
induction  generator.  This  tool  is  provided  with  semlautcaatle 
controls  and  does  not  require  a  high  level  of  skill  in  tbs  using 
personnel.  Such  a  unit  is  satisfactory  for  precision  aaohlnsd 
fittings  where  the  wall  thickness  and  fitting  disasters  are  held  to 
close  tolerances,  and  where  the  nature  of  the  nate rials  and  tbs 
Bias  of  the  Joint  do  not  require  particularly  large  amounts  of 
hast  or  long  heating  tines.  Should  the  use  of  "snap -on"  or  split- 
type  tools  for  brazing  of  rocket  fluid  zystesi  tubing  Joints  appear 
desirable,  information  on  the  design  of  this  type  of  tool lag  will 
be  prepared  in  Phase  Ill. 

Power  Bequlreasntz  sad  Besting  Rate 

Three  induction  heating  units  were  available  end  were  used 
in  the  Phase  I  part  of  the  program.  They  are  a  30  hr,  250  Kb  Tbsr- 
Monic  unit;  a  2-1/2  Hr,  450  Kc  lapel  unit;  and  a  1-1/2  b,  450  Is 
lapel  unit.  The  30  tor  Ther-Monic  unit  vae  used  to  braze  the  large 
and  intermediate  sl2e  tube  Joints,  and  is  expected  to  be  required 
for  all  tubing  Joints  two  inches  In  diameter  and  larger.  The  B- 
1/2  tor  lapel  unit  and  the  30  tor  Ther-Monic  unit  were  both  used  for 
brazing  the  1/2  inch  and  3/4  inch  diameter  tube  Jointt.  The  l-l/B 
tor  lapel  unit  was  used  for  brazing  the  small  Joints,  such  as  tbs 
l/8  inch  and  1/4  inch  diameter  Type  321  and  AM  350  stainless  steel 
tube  Joints.  All  three  of  the  induction  heating  units  were  found  to 
be  satisfactory  heating  sources  for  the  tube  Joints  brazed. 

The  power  settings  of  the  Induction  machines  were  initially 
kept  sufficiently  low  to  insure  uniform  heating  of  the  tube  fitting 
assembly  during  brazing.  Slow  heating  rates  were  used  during  the 
development  work  in  Fnase  I  so  that  more  time  was  available  to 
observe  the  wetting  and  flow  action  of  the  brazing  alloys.  Beating 
times  for  all  JolntB  was  between  one  and  two  minutes.  The  heating 
times  used  for  brar.lng  AM  350  tube  Joints  in  normal  production 
operations  frequently  are  of  shorter  duration,  of  the  order  of  20 
to  45  seconds.  Shorter  heating  times  on  the  order  of  the  production 
brazing  cycles  will  be  used  where  applicable  in  the  manufacture  of' 
the  Fhase  II  qualification  test  specimens. 
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Split-Type  Reusable  Coll  Induction  Brazing  Tool 


k.b  DBPEHBEW  BBAZflP  PARAMEUBS 


’Certain  braslag  parameters  were  previously  classified  aa  being 
dependent  upon  tbe  braslag  alley  and/or  the  Material  being  joined. 
These  were  the  fitting  or  a  leave  deaiga,  the  breslag  alloy  form,  the 
joint  clearance  or  dianetrleal  spacing,  and  also  the  biasing  allay 
plaeeeont.  The  general  requirements  for  fitting  or  sleeve  design 
were  diseussed  la  Seetloa  3,  Structural  Analysis.  Tbe  other  depend 
eat  paranetera  are  diseussed  in  the  following  paragraphs  under  each 
type  of  tubing  notarial,  end  tube  siting  prootdures  art  described. 

gHtlift 


Tbe  fora  in  which  each  braslag  alloy  waa  used  was  governed  first 
by  availability  and  eecondly  by  ease  of  handling  or  application. 
Preaabraae  130  alloy  was  used  aa  a  preforaed  ring,  and  waa  praplacad 
within  the  grooved  fitting  or  sleeve.  Pisoabrase  126  alloy  is  net 
available  as  a  preforaed  ring.  This  alloy  waa  used  in  the  fora  of  a 
wire  loop  placed  between  the  two  tube  ends  inside  the  fitting*  9m 
60P4-10H1-0.3 U  alloy  was  available  only  la  the  fora  of  thin  foil. 

This  alloy  was  p  re -wrapped  around  the  outside  of  the  tube  aeis,  sad 
then  a  straight-through  (ungrooved)  fitting  was  pressed  ever  the 
brase  alloy  wrapped  tube  aads. 

The  Joint  clearanoe  for  the  Rene'  hi  Joints,  at  the  dianetrleal 
gap  between  the  tube  O.B.  and  tbs  fitting  I.D.  was  0.003  inch  for  the 
Premabrase  alloys  128  and  130;  and  was  0.003  to  O.OOfc  inch  for  the 
60Pd-hOHi-O.31i  alloy,  depending  on  the  thickness  of  the  braslag  alloy 
foil. 

S a*  331  V*7  Stainless  8jg& 

Type  321  stainless  steel  was  used  to  develop  the  braslag  para¬ 
meters  for  the  system  In  which  Type  3^7  stainless  steel  tubing  will 
be  used.  The  two  steels  are  very  similar  in  their  bracing  proportion.  . 
Premabrase  alloy  130  again  was  used  as  a  wire  prefom  in  conjunction 
with  a  grooved  fitting.  The  Joint  clearance  was  0.003  inch.  BT  4 
lithium  bracing  alloy  was  also  used  as  a  preforaed  wire  ring  preplaasd 
inside  a  grooved  fitting.  Because  of  tbe  fluidity  of  tbe  BT  4  lithiva 
alloy,  a  slightly  eloser  Joint  olearsaoe  of  0.002$  Inch  was  used. 

AM  350  Stainless  Steel 

BT  4  lithlw  was  the  only  brazing  alloy  used  with  the  AM  3$0  stain¬ 
less  steel  tubing.  This  alloy  was  used  in  tbe  same  wire  preforaed  ring 
and  with  the  same  design  of  fitting  as  with  tbe  Type  321  tubing  des¬ 
cribed  in  the  preceding  paragraph. 
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Tuft*  Bliiaa 

Tube  siting  generally  is  necessary  In  order  to  produce  high 
quality  production-type  braced  Joints.  Siting  of  tubing  aay  be 
required  to  correct  for  the  effects  of  the  outside  disaster  and 
ovality  tolerances  of  commercial  tubing,  and  also  for  out -of  - 
tolerance  conditions  which  nay  result  frees  any  tube  forming 
operations. 

Tube  siting  can  be  accomplished  satisfactorily  in  the  hydrau¬ 
lic  punch  press)  however,  this  method  cannot  be  used  to  site  tube 
in  place  on  systems  during  final  assembly  sad  in  field  repair 
maintenance.  To  acccerplish  tube  sizing  in  all  atagea  of  assembly 
and  field  maintenance  repair,  a  portable,  high  energy  tube  aiming 
tool  may  be  used.  A  tool  of  this  type,  as  shown  in  figure  21,  bee 
been  developed  by  the  Contractor  and  is  being  used  in  the  assembly 
of  tubing  systems  for  the  XB-70.  This  high  energy  tube  siting 
tool  can  be  used  in  the  field  under  normal  safety  precautions. 

High  energy  to  site  the  tube  is  obtained  by  the  expansion  of  gaaea 
of  a  .22  caliber  charge.  The  tool  has  split  dies  to  correct  tribe 
00  and  wall  thickness,  end  when  used  sites  the  tubing  to  0.010 
*003  inches  Above  the  nominal  OS.  This  siting  tool  oaa  be  uteA  cm 
"lube  diameters  up  to  approximately  two  inehna. 

Tube  siting  operations  were  not  performed  during  the  bracing 
investigation  of  the  Phase  I  part  of  this  program.  Instead,  the 
experimental  sleeve  fittings  were  selectively  fitted  to  the  tubing. 

4.5  EVALUariOH  OF  BRAZES  JOURS 

Rene1  hi  Tube  Joints 

Of  the  three  bracing  alloys  selected  for  evaluation  with  Asm* 
hi  tubing,  only  Premabrate  alloys  128  and  130  produced  satisfactory 
brazed  tube  Joints.  Both  of  theBe  b.-azing  alloys  produced  Joints 
that  were  90  to  95  percent  void  free.  On  the  basis  of  the  shear 
strength  data  shown  in  Figures  J  and  h,  both  brazing  alloys  are  ex¬ 
pected  to  produce  Joints  that  will  pass  the  burst  test  requirements 
at  1500  F.  Premabraze  alloy  128  Is  expected  to  develop  a  slightly 
higher  shear  strength  at  1500  F  than  Is  Premabrate  alloy  130.  How¬ 
ever,  Premabraze  alloy  130  is  readily  available  as  a  preform  ring 
while  Premabraze  alloy  128  is  not.  Preform  rings  of  bracing  alloy 
have  the  advantage  of  being  easier  to  use  and  produce  more  repro¬ 
ducible  quality  Joints.  Therefore,  because  of  its  availability  am 
a  preform  ring,  Premabraze  alloy  130  has  been  selected  as  the  recom¬ 
mended  alloy  for  brazing  Rene'  hi  tube  Joints.  Should  it  prove 
possible  to  procure  Premabraze  alloy  128  as  preformed  rings  at  same 
later  date,  then  this  alloy  vould  be  recommended  because  of  the 
higher  shear  strength  which  it  is  expected  to  develop  at  1500  F. 
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At  the  start  of  the  braaing  parameter  developemnt  work,  difficulty 
was  encountered  la  obtaining  satisfactory  flow  of  the  gold-baae  braslag 
alloys  along  the  Bene'  4l  tuba  Joist  papillary.  This  difficulty  is  be¬ 
lieved  to  result  frem  the  prasesoe  la  Reas'  hi  alloy  of  the  elsasnts 
alaaiaua  sad  titaaiua.  These  elaaeats  are  thought  to  fora  asides  on 
the  tube  aad  fitting surfaces,  the  oxides  inhibit  watting  and  floe  of 
the  braslag  alloy.  This  problem  was  overaesH  by  aiokal  plating  the  Reae1 
hi  alloy  tube  and  fitting  surfaoes  to  be  brased.  The  gold-baae  braslag 
alloys  were  able  to  vet  the  aiekel  plating,  and  flow  easily  through  the 
Joint  capillary.  Exoellaat  Joists,  such  as  the  one  shown  in  figure  88, 
were  obtained  by  this  technique. 

The  60Fd-40Mi-0. 3Li  braslag  alloy  had  shown  great  promlsa  during 
the  initial  evaluation  work  with  the  vetting  end  block  shear  epeolmena. 
Excellent  block  shear  strength  was  attained  at  all  teeperaturee  from 
sub-sero  to  1300  ?.  Then,  difficulties  were  encountered  during  the  pre¬ 
liminary  attempts  to  brass  Hens'  hi  tuba  Joints.  The  high  melting 
temperature  of  this  alloy  (2100  F)  required  a  biasing  temperature  of 
2130  T.  Currently,  the  60Fd-hORi-O.3&i  alloy  le  available  eoaeorelally 
only  la  the  pewder  fora.  The  alloy  used  for  the  teste  under  this  pro¬ 
gram  was  prepared  in  the  HAA  laboratory  by  vacuum  induction  salting,  and 
than  rolled  to  0.003  thick  foil.  The  first  melt  of  this  alloy  waa 
used  for  the  preliminary  testa  and  produced  the  excellent  results.  Two 
successive  attempts  to  reproduce  this  alloy  ears  unsuccessful.  For  sea¬ 
sons  which  were  not  readily  apparent,  both  lots  of  alloy  had  melting 
points  above  2130  F.  When  these  lots  of  alloy  were  used  to  brase  tube 
Joints,  brasing  temperatures  of  2200  F  or  higher  were  required.  Ubder 
these  conditions  incipient  melting  end  detonation  of  the  tube  Joint 
occurred. 

Inasmuch  as  the  shear  strength  of  the  gold-bass  alloys  were  deter¬ 
mined  to  be  adequate  for  the  Rene'  hi  tube  system  requirements  under 
this  program,  the  60Pd-40Hl -0,314.  alloy  was  dropped  as  a  candidate  brass 
alloy  for  this  program.  However,  it  le  believed  that  development  of 
this  alloy  should  be  pursued  further.  The  problems  encountered  are 
thought  to  have  been  caused  by  variations  in  the  lithium  content,  which 
has  a  great  effect  on  the  melting  point  of  the  alloy. 

The  60Pd-40Ni  -0 .  3L1  alloy  lot  first  made  had  good  vetting  and  flow 
characteristics  with  Rene'41,  It  was  not  necessary  to  nickel  plate  the 
Reae 1  4l  surfaces  in  order  to  obtain  satisfactory  wetting,  as  was  the 
case  with  the  gold-baae  alloys.  The  strength  characteristic*  of  the 
block  shear  specimens  at  1300  F  were  excellent.  This  alloy  should  prove 
satisfactory  for  use  with  other  high-strength  high-temperature  tubing 
material!,  such  as  Baynes  alloy  HS-23.  Further  development  of  this  bras¬ 
ing  alloys  is,  therefore,  reccraaended  under  a  separate  development  program. 
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Type  321  Stainless  Steel  Tube  Joints 

The  most  satisfactory  brazed  joints  with  Type  321  stainless  steel 
tubing  were  made  with  the  BT  +  lithium  brazing  alloy.  Joint*  were 
produced  vith  this  alloy  which  were  95  percent  wold  free. 

Early  Joints  brazed  with  the  BT  +  lithium  alloy  and  Type  321 
stainless  Bteel  tubing  had  many  voids.  These  voids  were  determined  to 
have  been  caused  by  mill  markings  on  the  tubing  which  the  chemical  cleaning 
operation  had  not  completely  removed.  This  condition  was  corrected  by 
vapor  honing  the  tube  surface  prior  to  the  regular  cleaning  operation. 

Premabraze  alloys  128  and  130  produced  brazed  Type  321  stainless 
steel  tube  joints  which  were  approximately  80  percent  void  free.  The 
quality  of  the  Joint b  brazed  with  these  gold-based  alloys  would  probably 
have  been  further  improved  if  the  nickel  plating  technique  discussed 
above  had  been  used  in  the  same  manner  as  with  the  Rene'  4l  Joints. 

However,  since  the  BT  +  lithium  alloy  produced  very  satisfactory  quality 
brazed  joints  In  the  Type  321  stainless  steel,  further  work  on  development 
of  brazing  parameters  for  the  gold-baBed  alloys  With  the  Type  321  stainless 
steel  tubing  was  discontinued. 

AM  350  Stainless  Steel  Tube  Joints 

The  BT  +  lithium  braze  alloy  wetted  end  flowed  very  well  in  the 
AM  350  stainless  steel  tube  joints.  The  experimental  AM  350  tube  joints 
made  with  this  braze  alloy  were  approximately  70  percent  void  free.  This 
is  well  below  the  quality  level  which  is  normally  obtained  in  production 
brazing  of  AM  350  tube  Joints  with  these  materials.  Examination  of  tb# 
test  Joints  showed  that  the  Joint  clearance  had  increased  during  the 
brazing  operation.  The  dimensional  tolerances  of  the  Joint  have  been 
established  with  the  expectation  that  the  sleeve  would  contract  slightly 
during  the  braze  cycle.  It  is  believed  that  the  AM  355  stainless  steel 
Eleeves  used  for  the  test  Joints  were  not  in  the  required  heat  treat 
condition  and  that  as  a  result  the  sleeve  underwent  dimensional  growth 
rather  than  the  expected  shrinkage.  This  problem  is  not  expected  to 
occur  again  since  a  close  inspection  will  be  made  of  tubing  and  fitting 
materials  intended  for  use  in  this  program.  As  shown  in  Figure  9>  BT 
+  lithium  brazed  Joints  are  expected  to  have  a  block  shear  strength  of 
22,000  psi  at  room  temperature,  20,000  psi  at  200  F,  and  12,000  psi  at  600  T, 
Reference  (18). 
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4.6  JOINT  REBRAZING  FEASIBILITY  STOOT 


A  feasibility  study  has  been  Initiated  on  the  problems  associated 
with  debrazing  and  rebrazing  of  Joints  made  with  the  materials  used  in 
this  program.  The  preliminary  rebrazing  study  was  conducted  with  a 
simple  butt  joint  specimen  made  from  Rene'  41  rectangular  bar.  The 
brazing  alloys  investigated  with  Premabraze  130  and  60P4-40H1-0.3L1 
alloy.  The  brazing,  debrazing,  and  rebrazing  operations  were  performed 
with  the  apparatus  shown  in  Figure  23. 

The  Rene'  4i  butt  Joint  made  with  Premabraze  130  alloy  was  debraaed 
and  rebrazed  a  total  of  five  times..  These  operations  were  conducted  at 
temperatures  both  above  and  also  somewhat  below  the  nominal  1742  F  melting 
temperature  of  thlB  brazing  alloy.  It  was  possible  to  pull  the  Joint 
apart  at  temperatures  of  the  order  of  1600  F  to  1650  F,  and  then  cause  the 
alloy  to  rebond  at  temperatures  of  1650  F  to  1700  F.  This  was  done  in  an 
argon  atmosphere.  The  debonding  and  rebonding  below  the  melting  temperature 
of  the  brazing  alloy  can  be  accomplished  because  of  tbe  particular  nature 
of  gold  alloys  as  regards  their  knovn  malleability  and  dry  welding  or 
pressure  bonding  eharaeteri sties,  Reference  (20).  The  Joints  ware 
examined  after  each  braze  operation  and  were  found  to  be  of  Bound  quality 
with  no  apparent  voids  or  discontinuities. 

The  Joint b  made  with  the  60Pd-40Hl-0.3U  alloy  were  brazed  and 
de brazed  twice  and  then  rebrazed  a  third  time.  Examination  of  this  Joint 
showed  a  poor  quality  braze  after  the  third  braze  operation.  It  appeared 
that  the  lithium  in  this  brazing  alloy  had  dissipated  during  the  first 
two  brazing  and  debrazing  operations.  Since  the  lithium  in  this  alloy 
served  as  a  volatile  flux  and  also  improved  wettability  and  flow 
characteristics,  when  it  was  gone  the  brazing  alloy  wae  no  longer 
capable  of  proper  wetting  and  flow  to  reform  a  sound  Joint.  In  this 
connection,  it  can  be  expected  that  the  silver-base  brazing  alloys  which 
contain  lithium  sb  a  fluxing  agent  will  react  in  a  similar  manner.  That 
is,  they  will  be  capable  of  only  a  very  limited  number  of  debraslng  and 
rebrazing  operations  because  of  lithium  volatilization  and  depletion 
from  the  elloy. 

An  attempt  was  made  to  debraze  and  rebraze  the  nickel  plated  and 
brazed  Rene'  41  tube  Joint  shown  in  Figure  22.  This  joint  was  made 
with  Premabraze  130  brazing  alloy.  The  joint  was  successfully  debrazed 
in  an  argon  atmosphere.  Examination  of  the  debrazed  Joint  showed  good 
adhesion  of  the  brazing  alloy  to  the  base  metal,  and  full  flow  and 
wetting  of  the  joint  capillary  surfaces.  The  rebrazing  operation  was 
not  successful,  boring  attempts  to  prepare  the  Joint  for  rebrazing 
some  of  the  brazing  alloy  was  inadvertently  removed  from  the  Joint 
surfaces.  Then,  during  the  rebrazing  operation  when  the  tube  end  was- 
moved  into  the  fitting  at  brazing  temperature,  air  leaked  into  tbs 
plenum  chamber  through  a  defective  end  seal.  This  contaminated  the 
argon  atmosphere  and  caused  the  formation  of  oxide  on  the  Rene'  41  surfaces 
and  within  the  Joint,  Additional  debraze -rebraze  studies  will  be 
conducted  to  determine  whether  this  procedure  can  be  successfully  used 
with  brazed  tube  joints. 
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Figaro  22.  Apparatus  for  Rebrazing  Feasibility  Prelioituuy  Tests. 
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She  uia  at  fasten  welding  as  a  means  of  Joining  tubing  tat  noM 
fluid  system  bas  inherent  advantages  over  may  other  methods  of  ■■■■ably. 
Welded  connect lcos  bare  a  alnlnun  weight  addition  at  the  Joint,  they  km 
good  strength  at  elevated  temperatures,  good  fatigue  properties  because  of 
the  1  change  in  section  at  the  Joint,  and  they  require  snail  aooaaa- 
ibility  apace.  Another  very  favorable  asaet  of  the  voided  Joint  la  that 
usually  only  ooe  Material  la  Involved.  She  problem  of  corrosion  ant 
Inter- react  loos  between  dissimilar  Materials  are  minimized.  Shin  In  an 
extremly  important  consideration  in  the  development  of  Joint  aytmm  far 
compatibility  with  exotic  fluids  having  high  degress  of  ohenlnal  activity. 


$.1  wag 

Two  tubs  welding  units  were  used  in  the  Phase  X  part  of  thin  pragma. 
One  unit  see  an  existing  tool  Vhlch  the  Laboratory  had  been  using  for 
other  program,  end  was  suitable  for  Joining  snail  diameter  tubing  sixes 
up  to  a  — «<■—  of  ooa-lnch  diameter.  The  second  tube  welding  unit  urn 
designed,  built,  end  has  been  checked  out  satisfactorily,  this  sismt 
unit  was  designed  for  Joining  larger  size  tubing.  It  has  haaa  used  te 
veld  tubing  as  large  as  three  inches  in  diameter  and  as  smell  as  3/b  lash 
in  diameter.  5he  first  welding  unit  set  up  for  welding  l/8  Inch  HI  meter 
tubing  is  ahem  la  figure  24.  She-  second  welding  unit  is  shows  la 
rigura  25. 

In  general,  these  tools  ore  operated  by  a  Boston  ring  gear  driven  by 
n  variable  speed  mtor  through  a  flexible  cable  and  a  pinion  gear,  as 
shown  in  figure  26.  A  tungsten  electrode  is  mounted  In  the  ring  gear  and 
travels  around  the  circumference  of  the  tube  as  the  goer  rotates.  9m 
tube  to  he  welded  is  located  in  the  tool  by  transits  Inserts  which  are 
machined  to  fit  the  outer  diameter  of  the  tube,  os  shown  in  figure  27. 

In  this  manner,  any  tube  vhlch  has  a  diameter  of  three  Inches  or  lam  ean 
he  aecomnodated  In  the  tool  by  machining  an  appropriate  set  of  transit# 
inserts. 

A  Vickers  200  ampere,  direct  current,  rectifier  type  power  supply 
was  employed  for  ell  welding  tests.  Ihe  controls  for  veld  power,  drive 
motor  speed,  and  shielding  gas  flow  were  all  mounted  In  a  portable  central 
box  for  convenient  remote  "In  place"  welding  usage.  Ibis  control  box  in 
shown  In  figures  2?  end  28,  the  latter  picture  showing  e  remote  welding 


5*2  WELDUP  Tf?B  321  3TAJKLBSS  bVs&L  TOgDg 

Preliminary  weld  parameters  were  developed  using  type  321  stainless 
steel  tubing.  Ibis  material  Is  similar  to  the  type  3V7  stainless  steal 
tubing  which  is  to  be  used  for  the  qualification  test  specimens  In  Rtase  XX 
of  this  program.  She  type  321  material  was  available  in  laboratory  stock 
and  has  been  used  pending  procurement  of  the  type  3^7  stainless  steel 
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Ualt  for  Joining  TuMng  Sizes  From  l/B  inch  to  One  Be*  In 
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Figure  26.  Tube  Welding  Unit  for  Joining  Tubing  Sixes  Up  to  Three  Inch  Maximum  Diameter. 
(Traoeite  Inserts  Qemoved  to  Show  Electrode  Drive  Mechanism) 
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Figure  27.  Tube  Welding  Wait  far  Joining  Tubing  Sizes  up  to  Three  men  Meu 
(Partially  Disassembled  View  Showing  Welding  Tool,  Drive  Motor. 
Control  Bax.) 
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Figure  28 .  Tube  Welding  Unit  iiet  Op  fear  J< 


tubing.  She  major  difference  between  the  two  eater  ial*  la  in  mlaer 
addition*  of  stabilising  agents  to  prevent  chromium  depletion  during 
voiding.  It  la  not  anticipated  that  any  naw  major  differences  or  probl  m a 
vlll  he  encountered  Is  joining  type  B^T  steinlesa  steel  tubing.  Daring 
this  part  of  the  Phase  1  work,  the  -welding  characteristic*  of  l/B,  1,  and 
3  lath  disaster  type  321  atalnleis  ateel  tuhlng  were  Investigated. 

AH  of  the  veld*  Bade  In  the  type  321  stainless  steal  tubing  ears 
stainless  steel  wire  brushed  and  cleaned  with  acetone  parlor  to  welding. 

3bls  cleaning  procedure  was  adequate  to  produce  a  clean  weld  deposit. 

W"i^ng  i/8  inch  Disaster  Tubias 

The  l/8  Inch  dimeter  tubing  vae  welded  using  the  tool  sod  sot 
shown  in  Figure  24.  3hls  tool  had  been  designed  and  built  by  the  U 
Laboratory  under  a  previous  program  to  weld  tubing  up  to  a  wsnrlisi 
diaaeter  of  one  lnoh  In  else.  This  tool,  being  daelgned  far  small  dim*- 
ter  tube  Joining,  Is  easier  to  use  on  the  l/8  Inch  diameter  tubing  thorn 
Is  the  larger  welding  tool  which  was  built  far  this  progrea. 

Some  difficulty  was  encountered  in  welding  the  l/B  O.D.  a  .012  Is* 
wall  thickness  tubing  due  to  an  Inability  to  "fire"  the  smaller  welding 
tool  at  the  low  current  levels  which  had  to  be  -used.  Shis  problan  was 
aggravated  by  the  fact  that  the  snail er  welding  tool  did  not  hove  o 
built-in  voltage  control  which  would  allow  touch  start.  Eventually,  by 
coating  the  electrode  tip  with  graphite,  It  was  possible  to  "firs" 
consistently  in  the  2  to  3  angers  range  of  welding  currant  settings. 

Weld  schedules  were  developed  for  the  thin  wall  tubing.  Za  these 
schedules  the  drive  motor  was  started  first,  then  the  welding  current 
was  ™»mi«ny  increased  to  the  level  for  welding,  about  10  amperes,  ft 
prevent  crater  cracking,  after  the  veld  was  completed  around  the  Mb*  the 
welding  current  level  was  manually  decreased  while  the  travel  speed  sf 
the  welding  electrode  was  Increased. 

Argon  Inert  gss  shielding  was  used  on  the  torch  side  and  hellm  gas 
shielding  was  used  on  the  back-up  side  of  the  veld.  Filler  natal  was 
added  to  the  veld  by  melting  down  the  sleeve  fitting.  Shis  fitting.  Which 
was  machined  from  type  321  stainless  steel  rod,  also  served  to  align  the 
tube  ends  for  tbe  welding  operation.  Sie  resulting  welds  were  sisal nai 
visually.  Reproducible  velds  of  good  quality  were  made  using  this  msthad 
In  both  the  horizontal  and  vertical  positions . 

Welding  One  Inch  Diaaeter  Tubing 

One  Inch  diameter,  .035  inch  well  thickness,  type  321  stainless 
steel  tubing  was  welded  using  the  tool  designed  and  constructed  for  this 
program.  Ho  difficulties  were  encountered  with  operation  of  the  tool  la 
regard  to  tube  alignment,  shielding  gas  coverage  or  mechanical  operatic* 
of  the  tool. 


WLding  schedules  wiiieh  were  developed  for  the  one  inoh  tubing  included 
the  manual  downsloping  (reduction)  of  the  weld  current  and  an  increese  of  ' 
the  travel  speed  after  one  revolution  to  clioinat*  enter  cracking.  OpaJoxw- 
ing  (increase)  of  the  magnitude  of  the  weld  current  was  not  required*  Filler 
net  si  addition  and  tube  and  all,  grunt  were  asoccplished  by  use  of  a  sleeve 
fitting  which  was  made  by  slightly  expanding  the  diameter  of  a  section  of  the 
one  inoh  disaster  tubing*  Age in,  argon  shielding  gas  was  used  on  the  torch 
side  end  helium  gas  shielding  on  the  backup  eide  of  the  weld*  Radiographic 
and  metaHogrephic  inspection  showed  that  satisfactory  welds  were  maos  la 
both  the  vertical  and  the  horiaontal  positions* 

After  developing  the  final  weld  par  snort  era,  reproducible  “blind*  welds 
were  made  with  the  operator  watching  only  a  stopwatch  and  the  weld  currant 
ammeter.  A  weld  was  made  between  two  tubes  separated  by  a  1/32  inch  gap  to 
detennino  the  effect  of  poor  fit-up  on  the  weld  schedule  and  quality*  After 
welding,  the  sleeve  showed  increased  concavity  but  this  conoavlty  did  not 
extend  into  the  tube  well.  The  poor  fiWp  did  not  the  weldability. 

Welding  Three  inch  Pisnater  Tubing 

A  limited  number  of  welds  were  made  in  three  inch  diameter,  .065  inch 
wall,  type  321  stainless  steal  tubing*  These  welds  were  made  using  about 
the  ease  procedure  as  described  for  the  one  inoh  diameter  tubing.  The 
sleeves  were  made  from  expanded  lengths  of  the  same  three  inoh  diamatar 
tubing.  Both  argon  gas  and  “Aircomatie  No.  75”  shield  gas  were  used  am 
the  torch  eide  of  the  welds. 

Tubing  ovality  caused  seme  difficulty  because  of  joint  offset  resulting 
from  tube  end  mi  snatch.  Zn  some  areas  the  joint  offset  was  calculated  to  be 
from  .020  to  .040  inches.  This  amount  of  offset  resulted  in  the  weld  pene¬ 
tration  moving  to  one  side  causing  lack  of  fusion  across  the  joint.  However, 
several  other  specimens  which  had  as  much  as  .030  inch  mismatch  were  welded 
satisfactorily.  These  difficulties  were  overcome  by  selectively’ 
the  tube  ends.  No  special  aiming  techniques  were  used.  Specific  procedure* 
for  sizing  and  fit-up  will  be  developed  in  Phase  U  during  manufacture  of 
the  qualification  teat  specimens. 

longer  welding  times  were  required  for  the  large  diameter  tubing. 
Because  of  these  long  weld  times  the  preheating  effect  from  weld  heat 
buildup  becomes  more  noticeable  and  must  be  compensated  for.  Starting  the 
weld  at  the  4  o'clock  position  caused  &  heavy  drop-througi  when  the  weld 
reached  the  12  o'clock  position  unless  the  welding  current  was  reduoed. 

This  condiction  was  alleviated  by  welding  halfway  around  the  tube,  stopping 
to  permit  the  joint  area  to  cool,  and  then  completing  the  weld. 

5.3  mm.  Egg’  a  TUBXNQ 

The  Rene'  41  tubing  which  was  welded  during  the  Phase  I  part  of  the 
program  was  3/4  inch  diameter,  .030  inch  wall.  The  initial  attempts  to 
weld  the  Rone'  41  tubing  were  made  with  the  one  inch  maximum  disaster 
welding  tool,  but  they  were  unsuccessful  because  of  insufficient  shielding 
gas  coverage  of  the  weld  area.  The  shielding  gas  inlet  in  this  tool  does 
not  rotate  with  the  tungsten  electrode.  A  rotating  gas  inlet  could  not 
be  built  into  this  unit  because  of  the  limiting  size.  The  welding  unit 
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vtal oh  «u  designed  tad  built  under  this  jnpn  for  welding  tkm  Inch 
diameter  tubing  w  sufficiently  largo  oo  that  •  rotating  gaa  islet  aeuld 
be  incorporated.  Si  is  islet  moved  with  the  electrode  and  so  pretaeed  ae 
improved  Inert  gaa  ableldlsg  coverage  of  tbs  veld  area.  However,  whan 
the  3 fk  inch  dlaneter  tubing  was  voided  with  this  tool,  the  gaa  Islet  wna 
located  about  one  inch  frca  the  weld  aurfaoe.  A  oenaie  eup  waa  bathed 
around  the  gaa  islet  and  the  electrode,  aa  abovn  is  Figures  23  aad  It,  te 
provide  at  111  farther  Iqpwiwaaht  In  the  direction  of  the  shielding  gag 
toward  the  veld  aurfaoe.  Ala  dhasge  revolted  in  the  gaa  Inlat  aad 
aleetroda  rotating  around  the  tuba  aa  a  unit,  and  the  cup  waa  able  to 
direct  the  flow  of  the  ahlelding  gaa  directly  on  the  weld  aurfnea.  ftU 
eup  la  ravnweft  when  this  unit  la  ueed  to  vtld  larger  dl— ator  tahisg.  Aa 
modification  aolvad  the  ahlelding  gaa  oovanga  problem  and  permitted  the 
joining  of  Bane1  kx  tublag  with  svtlsfhctefy  valde. 

Oood  quality  weld  Joints  is  3A  lash  Bene1  4i  tubing  were  aafta  la 
both  the  vertleal  aad  herlsoBtel  poeitiona.  It  waa  necessary,  Asa  tv  the 
preheating  effect,  to  reduce  the  welding  u unrest  after  About  two-thirla 
of  the  veld  length  around  the  tube  had  bean  completed.  Shis  oeadltien  wad 
aore  apparent  la  the  horiieofcal  than  la  the  vertical  position,  aad  la  the 
result  of  the  axeeaa  beat  vhleh  ineiwaaoa  the  puddle  fluidity  aad  aaiuviMl 
axoeaaive  drop- through.  Ala  condition  also  la  aggravated  t y  the 
gravitational  effect  during  welding  la  the  borisontal  poaltlea. 

A  maaber  of  the  wwlda  were  Inspected  netallogrephinally  aad  by 
radiography  aad  were  found  to  be  satisfactory.  One  Joist  waa  food  be 
have  lack  of  penetration  when  Inspected  with  a  horoscope.  Shla  Joint  waa 
subsequently  repaired  by  reweldlsg  using  a  slightly  "hotter”  veld  schedule 
with  a  current  Increase  of  2  amperes.  Re>  Inspection  of  the  Joist  after 
this  repair  showed  a  good  weld  aad  Indicated  excellent  peostmtlan. 

Aa  oxidized  aurfaoe  was  observed  on  the  Rene*  fcl  welds.  Ala  aside 
indicated  that  the  cleaning  by  wire  brushing  and  acetone  wiping  wna  not 
removing  all  of  the  scale  from  the  tube.  A  insure  removal  of  the  seal* 
and.  other  contaminants  vhleh  alght  have  remained  after  the  nonaal  cleaning, 
the  surfaces  to  be  welded  were  also  cleaned  with  sandpiper.  Ala  cleaning 
treatment  resulted  1s  velds  with  cleaner  surfaces. 

3.^  6061  amctoi  wei  mm 

Many  approaches  were  tried  bat  no  satisfactory  method  could  be 
developed  for  "in  place"  fusion  welding  of  aluainua  tubing  by  use  ef  the 
techniques  to  be  investigated  under  this  program.  Ae  high  thermal 
conductivity,  extreme  fluidity  of  the  weld  puddle,  and  the  oxide  layer 
on  the  surface  of  the  weld  sake  it  virtually  Impossible  to  Join  sliml— 
tubing  using  these  techniques . 

Shall  variations  in  fit-up,  either  between  the  sleeve  fitting  and 
the  tube,  or  between  the  tube  ends,  cause  serious  beat  shorts  during  weld¬ 
ing  .  A  gap  In  the  butting  ends  of  the  tubes  results  in  lack  of  fusion  an 
one  aide  of  the  Joist. 


A  gap  Utmu  the  (leave  fitting  and  the  tuba  oan  also  result  in  leak 
of  fualen  la  the  tuba.  Xn  asm  raaaa  auffieient  beat  wu  transferred 
uroia  the  gap  between  the  il«m  fitting  and  tha  tuba  to  eauaa  melting  la 
berth  tha  sleeve  and  tuba,  but  tha  tve  veld  puddles  remained  separata  and 
Aid  ant  wot  dua  to  tha  oxide  on  tha  upper  surface  of  tha  tuba  veld.  2a  aa 
at  taunt  to  eauaa  the  tve  jiuddlea  to  vat,  tha  aurfaoa  of  tha  tuba  van  eaatad 
vith  Solar  SOS  void  flux.  bis  raaultad  la  battar  vetting  but  alao  oauaad 
axeaaaiTV  penalty  la  tha  tail. 

A  largo  gap  betvsta  the  tuba  and  tha  alaara  fitting  eaaaaa  exeesalv* 
aaltiag  la  tha  alaara  and  reaulta  la  fouliag  of  tha  tuagatan  electrode. 

finally,  poor  flt-up  batman  tha  alaarra  fitting  and  tha  tuba  aaaaaa  a 
groat  variation  in  tha  preheat  lag  effect  on  the  tuba,  this  variation 
makes  it  axtrsmaly  diffioult  to  prediet  where  tha  veld  puddle  will  drop 
through  tha  tuba  initially,  and  alao  to  control  tha  panotration  aaoa  tha 
puddle  doaa  drop  through.  Without  oontrol  of  puddle  drop- through  end 
penetration,  automatic  or  "blind"  voiding  of  alialnun  tubing  Joists  eannot 
ba  aoeoatfLlabad. 

Xn  order  to  determine  vbathar  auffieient  heat  control  vaa  available 
for  "in  place"  Joining  of  aluainua  tubing,  aavaral  Joint!  vara  voided  In 
vfaloh  tha  tuba  enda  vara  butted  together  but  the  aleenre  vaa  allalnatad. 
Puddle  oontrol  vaa  nuoh  battar  uaing  thia  technique,  but  it  vaa  not 
poaalbla  to  sake  any  Jolnta  without  producing  about  50  percent  concavity 
In  tha  veld  area.  Thia  concavity  Indicated  a  requirement  for  filler 
notarial. 

(r 

Other  aathoda  of  adding  filler  notarial  are  being  oonsiderad  la 
addition  to  the  uaa  of  a  alaara .  Jolnta  vara  prepared  in  Which  ring! 
having  a  *tae"-ahapad  croaa-aactlon  vara  ^ployed  In  place  of  a  full 
cylindrical  alaeva.  lha  uaa  of  thaaa  "taa"-ahaped  cross-section  rings 
caused  additional  problem  In  flt-up  of  tba  tub#  ends  and  alao  require* 
took  welding  for  location  purpose# .  During  the  subsequent  voiding  of 
tha  tuba  Joint,  heat  aborts  occurred  at  each  of  tha  tack  velds  with  a 
resulting  lack  of  fusion.  However,  tha  uaa  of  tha  "tee” -Shaped  arena- 
section  rlnga  Aid  »hov  some  promise .  Some  further  work  say  ba  performed 
during  base  XX  to  Investigate  an  improved  design  for  auch  rlnga.  The 
anticipated  effort  would  be  snail  and  would  Involve  only  the  procurement 
or  fabrication  of  the  Improved  design  ring  and  evaluation  of  its  use  In 
welded  tuba  Joints. 

The  use  of  filler  wire  appears  to  ba  the  only  mthod  of  filler 
material  addition  which  has  premiss  of  resulting  In  sn  automatic  production 
type  process  for  weld  Joining  aluainua  tubing.  This  can  ba  acaonyliehod 
by  the  addition  of  a  small  wire  feeder  to  the  welding  tool.  This 
procedure  was  not  evaluated  during  the  Phase  X  work.  However,  a  new  tuba 
welder  is  being  designed  for  use  with  a  separate  program,  Reference  (27). 
This  welder  will  be  adaptable  for  use  with  a  wire  feeder,  and  Is  expected 
to  be  available  within  the  next  several  months .  This  tool  will  than  be 
used  to  determine  the  feasibility  of  veld  Joining  aluminum  tubing  using 
automatic  techniques  with  filler  wire  addition. 


It  should  be  noted  that  although  tha  eajor  problsn  encountered  aaa 
that  of  obtaining  a  controllable  heat  Input  to  tha  joint,  other  laaa 
Important  problems  rare  alao  evident.  The  veld  eroaa  aaetioaa  exhibited 
aueh  pceroalty  and  oecaaiooel  eraeka,  further  enpba ailing  tha  requirement 
for  filler  wire  addition.  Renal  practice  for  welding  thla  6061  alonlnun 
alloy  ineludea  the  addition  of  either  Aoh3  or  5356  alunlnoi  alloy  filler 
wire. 


5.5  AKDTtiom.  wsuiio  nwBLOPMgRT  Rowe  mimm 

final  weld  paranatora  will  be  developed  for  the  actual  tube  dlanetera, 
wall  thlokneaaee,  end  eater  la  la  to  be  utilised  for  the  ffcase  Zi  qualifica¬ 
tion  teat  apeeinenav  Further  investigation  of  filler  wire  addition  tor 
aluelnun  welding,  as  noted  above,  will  be  conducted.  The  Fhaae  n  work 
will  include  AM  350  stainless  atael.  AM  350  waa  not  Included  in  Rwae  X 
because  aufflelent  developnent  pa  rase  tars  had  already  been  developed  by 
prior  RAA  work. 
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6.  phase  ii  gjjuncxriot  test  nrauK 


6,0  ggBft 


The  objectives  o f  the  qualification  tests  ere  to  determine  end 
insure  that  the  fittings  ere  oepeble  of  operation  wider  the  performmoe 
and  environmental  oonditlone  specified.  The  testing  pro  gnu  will  evaluate 
the  brazed  and  welded  fittings  to  demonstrate  the  qualification  of  the 
fittings  to  withstand  the  imposed  design  loads  for  the  specified  service 
lives,  or  to  be  ae  structurally  sound  as  the  tubing  tdiioh  the  fitting* 
join. 

6.1  rear  mma 


The  following  fluid  media  will  be  used  during  the  tests  specified 
in  the  following  paragraphs* 

(a)  Qasaoua  heUn 

(b)  Gaseous  nitrogm 
(o)  fir 

(d)  Hydraulic  Fluid,  Petroleum  Base,  Military  Specification 
JOL-H-5606 

(a)  Oronite  8200  Dieiloxane  Base  Hydraulic  fluid,  HAA  Specification 

iaoi45-aoo 

(f)  Aroolor  1243  Chlorinated  Biphenyl  Rest  Trsnsfsr  fluid, 
manufactured  by  Monsanto  Cheodoal  Oonpany 

6.2 

The  instrumentation  to  be  used  will  consist  of  instrumentation 
commonly  used  for  this  type  of  testing.  The  data  obtained  will  be 
verified,  wherever  possible,  by  obtaining  readings  with  sore  than  one 
type  of  instrument;  e.g.,  both  standard  gages  and  also  transducers  nay 
be  used  to  measure  fluid  pressure. 


The  basic  system  schematic  for  the  hydraulic-pneumatic  fluid  system 
is  shown  in  Figure  29. 

6.4  DATA  PRESENT  AXIOM 

Test  results  will  be  presented  in  the  form  of  tables,  graphs, 
photographs  of  test  set-ups  and  test  components.  Theoretical  calculations 
and  reproductions  of  the  original  data  sheota  will  be  included  where 
applicable. 
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liquids  4  g{B  at  15,000  psig  i 
,  or  i 

|  gjxa  at  20,000  psig  u  - 
Out  2  ou.  in.  velvet  ^ 
20,000  psig  (V) 

Optional  to  "Burst"  0 

^  or«fapul»s"  q  T 


I  Safety 
®  Relief 
(Rupture  Use)  ■■ 

Two  Fluid  (Liquid 
Gas)  Aeauaulator 

Optional  to  "Burst*  or  *“ 

Sao  blood,  to  Return  . 
r  Accumulator  charging 


I  II  J  \  7  Hydraulic  Pukd.  50  ran  “mss* 

Reservoir  10/  Filter  (Nominal) 

Figure  29,  Qualification  Test  Installation  —  Basic  Pressure  System  Schematic, 


The  How  eharb  shown  in  Figure  30  presents  the  relationship  between 
the  several  qualification  tests  end  the  sequence  in  which  fittings  will 
be  subjected  to  the  tests.  Bach  individual  type  of  test  is  described  la 
the  following  paragraphs. 

aaMA  agaaMm af  ****** 

in  test  specimens  will  be  inspected  before  test  for  oonfonanoe  to 
the  drawinge  and  specifications  which  are  applicable.  Examination  will 
be  especially  directed  toward  detecting  possible  defects  in  assembly  or 
workmanship.  Where  required,  test  speclaens  will  also  be  eumdnad  for 
defects  after  one  or  no  re  of  the  qualification  teats  have  be«  performed. 

This  «v»"rfn«fc-ion  assess  the  amount  of  dosage,  if  ary,  incurred  tgr 
the  specimen  during  test.  Results  of  this  exmai nation  will  be  compared 
with  the  findings  of  the  initial  eoaminstion. 

r~of  Pressuro  KAla*M* 

Proof  pressure  for  the  joints  to  be  tested  is  specified  as  150  percent 
of  system  operating  pressure.  The  joint  assembly  is  reqiired  to 

withstand  this  condition  for  five  (5)  minutes  with  no  leakage  or  permanent 
distortion  resulting.  Leakage  will  be  determined  at  the  maxima*  deeig 
operating  temperature,  and  also  at  >390  F.  Gaseous  helium  will  be  used  as 
the  fluid  medium,  and  a  mass  spectrometer  will  be  used  to  detect  mj 
leakage.  All  test  specimens  will  be  subjected  to  this  test  prior  to  other 
qualification  testing.  Tests  will  be  performed  at  the  pressures  and 
t  coper  at  urea  shown  in  Table  HQ. 

Burst  Pressure 

Burst  pressure  for  the  joints  to  be  tested  is  specified  as  200  percent 
of  maximum  system  operating  preasure.  The  Joint  assembly  is  required  to 
withstand  this  pressure  for  a  period  of  five  (5)  minutes  at  the  maximal i 
deaijpi  operating  temperature  with  no  joint  rupture  resulting.  Burst  teats 
win  be  performed  at  the  pressures  and  temperatures  shown  in  Table  HU. 

Repeated  Assembla 

This  test  is  described  herein,  but  may  not  be  conducted  if  the  joining 
processes  are  not  found  to  be  aceanable  to  the  repeated  assembly  procedure. 

Repeated  assembly  specimens  will  be  fabricated,  inspected,  subjected 
to  the  proof  pressure  and  leakage  test  described  above,  and  then  rdnspected. ' 
The  specimens  will  then  be  disassembled,  inspected,  and  if  found  satisfactory, 
reassembled  by  the  same  joining  procedure  as  initially  used.  The  daSjdtioo 
.of  this  test  as  set  forth  in  the  Contract  for  this  program,  Referenoe  (1), 
requires  the  brazed  specimens  to  be  reassembled  without  addition  of  new 
brazing  alloy. 
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Flgiu-e  30.  Flow  Chart  Showing  Sequence  of  Qualification  Tests, 


Not  a:  <*•  indicate#  both  * lded  and  famed  fltMaff  j  V  indicates  wUed  fitting#  caOj  to  b. 


Following  each  reassembly  of  the  specimens,  each  specimen  will  again 
be  pub  through  the  sequence  of  inspection,  proof  pressure  and  leakage  teat, 
and  reinspection.  The  specimens  will  be  required  to  go  through  the 
assembly,  teat,  disassembly,  and  reassunbly  procedure  five  (5)  tinea. 

stoataJaaa&  Eaefflat 

These  tests  will  eonsiat  of  beading  the  teat  assemblies  so  aa  to 
impose  a  bending  stress  at  the  union  centerline  equivalent  to  75  poroent, 
maximum,  of  the  yield  strength  of  the  joined  tubing  at  the  teat  temperature. 

A  cantilever  type  configuration  will  be  used  and  uniaxial  bending  will  be 
imposed  on  the  test  specimen  by  means  of  an  eccentric  type  drive  whioh  will 
produce  4  predetermined  deflection  at  the  cantilever  end  of  the  specimen. 
Calculated  stresses  will  be  corroborated  fay  use  of  strain  gages  under  static 
conditions  at  roca  temperature.  The  stresses  under  the  dynamic  and  operating 
temperature  conditions  will  be  calculated. 

Tests  will  be  conduct cwl  at  4  bending  cycle  rate  of  approximately 
1000  ops  for  a  of  300,000  cycles,  under  the  conditions  shown  in 

Table  ZZZZ.  During  these  bests  the  specimens  will  be  pressurised  with 
gaseous  nitrogen  to  30  psig.  A  pressure  drop  of  10  pslg  will  be  used  to 
indicate  failure.  Pressurised  hydraulic  fluid  may  then  be  used  to 
determine  the  location  of  tha  failure. 

W 

Tha  vibration  specimens  will  fas  of  an  indeterminate  beam  configuration 
(end  fixity  at  both  ends)  rather  than  a  cantilever  configuration.  A  vibra¬ 
tory  input  amplitude  will  be  utilised  in  the  test  sufficient  to  produce  in 
the  specimen  at  the  union  centerline  a  dynamic  stress  equivalent  to  75  per¬ 
cent,  maximum,  of  the  yield  strength  of  the  joined  tubing  at  the  test  taper- 
ature.  A  discrete  frequency  rather  than  frequency  sweeping  will  be  utilised 
for  testing.  Optical  displacement  indicating  instrumentation  will  be  used. 

A  theoretical  calculation  will  be  made  for  each  material,  each  tube 
also,  and  each  teBt  temperature  to  determine  the  length  of  an  indeterminate 
been  specimen  which  will  resonate  within  the  frequency  limitations  of 
existing  optical  instrumentation  (150  to  180  ops). 

Each  specimen  vdll  be  mounted  in  the  test  fixburlng,  heated  to  the 
testing  temperature  and  stabilised  at  this  temperature.  Then,  utilising  4 
low  input  vibratory  forcing  function,  a  frequency  search  from  10  to  2000 
ops  will  be  performed  to  determine  acceptance  and  response  aodee,  and 
transmissibilities  at  resonant  conditions. 

Each  specimen  will  next  be  excited  at  the  test  temperature  using 
sufficient  input  amplitude  at  the  fundament al  response  frequency  of  the 
specimen  to  produce  a  stress  at  the  union  centerline  equivalent  to  75  per¬ 
cent,  maximum,  of  the  yield  strength  of  the  joined  tubing  at  the  test 
temperature  for  2  x  10*  cycles.  If  the  response  mode  of  the  specimen 
changes  with  test  duration,  the  frequency  and/or  input  forcing  function 
will  be  changed  to  maintain  the  stipulated  stress. 
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Temperature  Shock  and  Pressure  impulse 


The  temperature  shock  will  be  imposed  by  alternately  impinging  on  the 
surface  of  the  specimen  assembly  a  flame  (or  a  blast  of  heated  air)  and  a 
stream  of  liquid  nitrogen.  The  flame  will  be  produced  by  propane  burner*. 
The  stress  of  liquid  nitrogen  (-320  F)  will  be  released  from  spray  nosales* 

A  total  of  twenty-fire  (25)  thermal  shook  cycles  will  be  imposed  in  fifteen 
(15)  minutes.  During  each  tmperature  cycle  the  teat  assembly  will  also  btt 
subjected  to  internal  pressure  cycles  of  aero  to  150  percent  of 
system  operating  pressure.  Tests  will  be  conducted  according  to  the  test 
conditions  show  in  Table  ECU. 

Pressure  impulse  tests  will  also  be  performed  without  the  temperature 
shock.  These  tests  will  consist  of  pressure  cycles  ranging  from  aero  to 
150  percent  of  maximum  system  operating  pressure,  and  will  be  conducted 
according  to  the  test  conditions  show  in  Table  XIII. 

The  pressure  impulse  will  be  obtained  by  a  pressure  surge  throu£i  a 
liquid  medium  utilising  a  quick  opening  valve  technique  where  applicable. 

The  1500  T  and  -320  F  temperature  pressure  impulse  testing  will  be  conducted 
by  cycling  the  test  pressure  from  zero  to  150  percent  of  w-Himn  system 
operating  pressure  in  a  square  wave  pattern.  A  dwell  at  ■  pressure 

shall  be  incorporated.  The  rate  for  pressure  impulse  cycling  will  be 
35  5  qm. 

Final  Inspection 

A  final  inspection  will  be  performed  on  all  test  specimens  and  tbs 
results  compared  with  those  from  previous  inspections  of  the  sane  speedMu 
After  final  inspection  all  test  parts  will  be  identified  by  a  label  and 
will  be  held  ibr  disposition  according  to  the  instructions  of  the  USAF 
Project  Officer. 

6.6  TMJ.  MgffMHff 


The  qualification  test  equipment  will  be  constructed  and  installed  in 
accordance  with  the  NAA  drawings  listed  below.  Copies  of  ths  listed  draw¬ 
ings  have  been  furnished  to  the  USAF  Project  Office. 

X-4539  Heater  and  Specimen  Holder  for  l"  Tube  Flex  Test 

X-4540  Heater  and  Specimen  Support  for  1/6  and  1/4  Tube  Flax  Test 

1-4544  Tube  Flexing  Fixture 

1-4547  Tube  Flexing  Specimens 

X-4548  Tube  Specimens 

X-4550  Furnace  and  Leak  Trap  for  1"  Diameter  Tube  Specimen 

X-4551  Furnace  and  Leak  Trap  for  3"  Diameter  Tube  Specimen 

X-4552  Furnace  and  Leak  Trap>  for  1/6  and  1/4  Diameter  Tube  Spednaa 

X-4559  Thermal  Shock  Fixture  for  Tube  Fittings 

1-4561  Blast  Shield  for  Tube  Burst  Test 

X-4564  Holder  and  Load  Aim  for  3"  Tube  Specimen 

X-4563  Vibration  Fixture  Development  Brazed  and  Welded  Pitting* 

X-4569  Test  Specimens  for  X-4568  Vibration  Fixture 

X-4574  Temperature  shock  Fixture  -320°  to  600°F 
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The  following  equipment  and  procedures  will  be  need  to  preduoe  the 
internal  pressures  in  the  test  speed— a . 

The  liquid  intansifler  will  be  used  to  pressurise  the  ll<prid  fluid 
test  modi*  to  the  very  hijfr  pressures.  A  Pressure  Booster  aade  by  the 
Hiller  Fluid  Power  Division ,  Flick-Reedy  Corporation,  Bensenville,  Uliasis, 
has  been  designed  and  built  to  NAA  specifications.  This  equipnast  will  be 
used  to  boost  2000  pai  hydraulic  pressure  to  20,000  pad  pressure  for  the 
burst  test  requirement.  The  Booster  can  supply  up  to  4  gpm  liquid  flew 
(with  a  50  S®  input)  for  the  proof  pressure  and  leakage  test  mjnlimiti 

The  Pressure  Booster  will  operate  in  the  following  manner.  The  2000  pal 
pressure  will  be  supplied  by  conventional  pumps.  The  How  of  liquid  to  the 
chamber  or  cavities  of  the  Booster  will  be  controlled  by  a  directional 
control  valve.  The  difference  in  area  of  the  input  piston  and  the  output 
plunger  produces  a  pressure  boost  of  approximately  10  to  1.  The  systss 
will  be  set  up  with  check  valves  arranged  to  maintain  almost  oontlnuoos 
Hew  from  ths  double-acting  Booster.  The  Gas  Xntenaifier  Aos—lctor  will 
serve  to  reduce  the  pressure  fluctuations  during  Booster  piston  reversal. 

A  two-fluid  Accumulator  will  be  used  in  the  Oas  Intenaifler  system. 

The  Accumulator  was  designed  and  built  by  Autoclave  Engineers,  Inc.,  to 
NAA  specifications.  This  Accumulator  will  be  used  to  store  helium  gas  and 
to  serve  as  s  bandar  between  the  high  pressure  liquid  and  the  haliim  gas 
whwi  the  higi  pressure  liquid  discharged  from  the  Pressure  Booster  is  being 
used  to  pressurise  the  helium  has.  Prepressurised  gas  and/or  a 
technique  can  be  used  if  the  How  rate  or  volume  requires.  This  system 
vdll  be  used  for  the  proof  pressure  and  leakage  testa.  Burst  testa  will 
be  performed  utilising  gas  as  the  pressurising  medium  only  if  the  astrn 
temperatures  encountered  during  certain  tests  precludes  the  use  of  liquids 
as  the  pressurising  medium. 

Pressure  impulsing  will  be  accomplished  in  the  following  runner. 

Removal  of  tne  Accumulator  from  the  liquid  pressure  system  and  slight 
cracking  of  the  pressure  by-pasa  valve  will  produce  a  square  wave  form 
of  pressure  Impulse  sufficient  to  meet  the  impulse  test  pressure  require¬ 
ments.  The  Booster  vdll  be  eyeled  by  means  of  a  timer. 

An  alternate  approach  which  may  be  used  for  the  pressure  impulse  teats, 
should  the  square  wave  form  of  impulse  prove  undesirable,  will  use  a  quick- 
opening  Aminoo  Valve,  Model  No.  44-5912,  which  will  be  driven  by  an  electric 
motor  through  a  gear  box.  This  valve  will  serve  to  direst  the  high  pressure 
fiuid  to  the  test  specimen.  A  bleed  or  pneumatio-operated  high  pressure 
valve  will  reduce  pressure  to  zero  after  closing  of  the  quick-opening  valve. 
The  Accumulator  vdll  be  installed  upstream  of  the  quick*«paning  valve  to 
supply  the  short-time  high  flow  rate  required  for  a  pressure  surge. 


The  following  eqiipaerrt  will  be  used  to  attain  the  tesgwrifcuroa 
required  for  the  teat  conditions  show  in  Table  ^ttt, 

Keel-Duty  SLectiio  Go.  exposed  elecvent  radiation  type  heaters  of  the 
sod. -cylindrical  type  will  be  used  to  produce  1500  F  test  temperatures* 
Theaneoouples  on  the  teat  specimen  will  be  used  to  measure  the  test 
tepereturee  and  for  heater  oootrol. 

ha  eeniroieweital  chanber  with  air  circulation  convection  heat, 
thermocouple  controlled,  will  be  used  fbr  the  200  F  and  600  F  tests* 

The  -320  ?  temperature  for  the  stress  reversal  bending  tests  be 
attained  by  flowing  liquid  nitrogen  through  the  test  specimen.  A  thezw- 
oouple  on  the  test  specimen  will  be  used  to  verify  the  test  temperature. 

Per  the  pressure  impulse  testing  at  -320  F,  the  test  speoiasn 
be  inmorsed  in  a  container  of  liquid  nitrogen.  Thermocouple  control  of 
tht  temperature  of  the  pressurising  fluid  will  be  used  to  insure  that  the 
fluid  flow  is  sufficient  to  prevent  the  fluid  from  freezing.  The  test 
specimen  temperature  ><111  else  be  checked  by  means  of  thermocouples. 

Fbr  the  ~320  F  to  1500  F  thermal  shook  tests,  the  specimen  will  bo 
alternately  subjected  to  a  flame  from  propane  burners  and  to  a  art  ream  of 
-liquid  nitrogen  free  appropriately  arranged  spray  nosslas.  The  teat 
specimen  temperature  will  be  determined  by  means  of  thenmoouplee. 

The  thermal  shade  taste  at  -320  F  to  200  F,  and  also  -320  F  to  600  F, 
will  utilise  a  hot  sir  blast  impinging  on  the  test  specimen  alternating 
with  a  liquid  nitrogen  Btresm.  Thermocouples  will  be  used  to  determine 
test  specifier  temperatures* 
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